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Mt  dear  Sir  :  — 

I  tave  the  honor  to  offer  ywi  this  volume  on  the  Physical 
Geography  and  Geology  of  BrazO  as  a  summary  of  tho  scieotifie 
results  of  my  explorations  as  an  atiadii  of  the  Thayer  Espedition, 
together  with  those  of  a  second  private  expedition,  —  the  natural 
oatgrowth  of  the  former,  —  made  to  continue  investigations  which 
I  had  been  obliged  to  leave  unfinished, 

I  talte  this  opportunity  of  acknowledging  my  deep  indebtedness 
to  you  for  the  interest  you  have  taken  in  my  scientific  atitdies,  for 
your  constant  wise  counsel  and  advice,  and  for  a  thousand  kind- 
nesses received  at  your  hands. 

With  the  highest  consideration  and  respect,  I  have  tho  honor 

My  dear  Sir, 

Your  former  pupil, 

OIL  PRED.  IIAKTT. 


d  by  Google 


,db,Google 


PREFATORY  NOTE. 


Thts  volume  is  tlie  result  of  two  jouriioyg  made  by  myself 
in  Brazil.  The  first  was  undertaken  under  tlie  direction  of 
Professor  Agassiz  in  connection  with  tlie  Thayer  Exjwdition 
in  the  years  1865  and  1866.  On  this  journey  I  studied  very 
carefully  the  Geology  and  Physical  Geography  of  tlie  coast 
between  Rio  and  Baliia,  going  over  a  very  large  part  of  the 
ground  on  horseback  or  in  canoe.  As  a  sketch  of  the  jour- 
ney is  to  be  found  in  the  "  Journey  in  Brazil,"  it  is  not  ne- 
cessary to  repeat  it  here.  My  companion  was  Mr.  Edward 
Copeland,  of  Boston,  one  of  the  volunteer  aids  of  the  Expe- 
dition, and  I  take  pleasure  in  acknowledging  my  indebted- 
ness to  him  for  the  very  valuable  assistance  he  rendered  me. 
On  this  journey  Mr.  Copeland  and  I  made  veiy  large  collec- 
tions of  marine  invertebrates  and  fishes,  though  we  did  not 
neglect  to  secure  other  objects  of  natural  history.  I  hope 
that  these  collections  will  throw  much  light  on  the  fresh- 
water and  marine  animals  of  the  coast,  and,  as  tliey  were 
made  at  frequent  intervals  between  Baliia  and  Itio  de  Ja- 
neiro, that  tliey  will  prove  valuable  in  the  study  of  the 
distribution  of  these  animals.  My  studies  of  tlie  stone 
and  coral  reefs  and  of  Uie  geology  of  Brazil  proved  so  very 
attractive  to  mo  tliat  on  the  year  following  I  returned  to 
I3razil,  and  spent  ray  vacation,  several  montlis,  in  e 
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tlie  coast  between  Pemambuco  and  Rio,  exploring  more 
paiticularly  tJie  vicinity  of  Ealiia  aiid  the  islands  and  coral 
reefa  of  tlie  AbroUios.  I  was  aided  pecuniarily  on  tliis 
second  expedition  by  Mr.  John  Locliwood,  qf  tlie  Adelphi 
Academy,  Brooklyn,  tlie  New  York  Association  for  the  Ad- 
vancement of  Science  and  Art,  and  the  Cooper  Institute ; 
but  my  thanlis  are  especially  due  to  MisB  Chadeajne,  the 
principal  of  an  excellent  ladies'  school  in  Jersey  City,  to 
Mr.  Van  Nostrand,  of  Newark,  to  my  fi-iend  Major  0,  0, 
James,  of  Bergen,  without  wliose  generous  aid  I  should  not 
have  accomplished  my  expedition  and  brought  home  my 
voluminous  collection,  and  to  Mr.  J.  E.  Mills,  and  Mr.  R. 
L.  Dugdale,  of  New  York. 

I  wish  tiiat  I  could  adequately  acknowledge  the  innumer- 
able kindnesses  and  attentions  I  have  received  from  Captains 
Tinklepaugh  and  Sloeorab,  and  the  officers  on  the  splendid 
steamer  of  tlie  generous  Messrs.  Garrison  and  Allen,  and 
from  a  hundred  kind  friends  in  Brazil.  The  hospitality  with 
which  I  was  everywhere  received  in  Brazil,  and  the  assist- 
ance offered  me  wherever  I  went  in  the  prosecution  of  my 
studies  of  the  countiy,  have  made  me  love  tlie  land  of  the 
SabiA,  and  it  is  my  sincerest  wish  in  acknowledgment  of 
so  much  kindness  to  be  to  some  humble  degree  insti-umental 
in  removing  false  impressions  so  current  about  Brazil,  and 
to  make  the  resources  of  the  Empire  better  known  in  Amer- 
ica. In  the  course  of  the  following  pa^es  I  shall  have 
frequently  opportunity  to  acknowledge  the  aid  not  only  of 
Brazilians,  but  of  foreigners  resident  in  the  country. 

This  volume  was  intended  at  first  as  a  report  to  Professor 
Agassiz  as  {lie  Director  of  the  Thayer  Expedition,  embi-a- 
cing  simply  the  results  of  my  explorations  as  a  geologist 
of  that  expedition,  togctlicr  with  those  of  my  second  inde- 
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pendent  journey,  both  reports  to  be  published  among  the 
contributions  of  the  Tliayer  Expedition.  During  the  prep- 
aration of  these  reports,  and  in  consequence  of  the  delay  in 
publication,  I  have  had  tlie  opportunity  of  examining  more 
or  less  critically  the  works  of  the  majority  of  the  writers  on 
Bi-azil,  and  the  volume,  from  a  simple  report  of  my  own  in- 
vestigations, liaa  grown  to  a  genertJ.  work,  in  which  I  have 
incorporated  the  beat  results  of  others  who  have  written  on 
the  Geology  and  Pliysical  Geography  of  Brazil.  I  have  to 
acknowledge  valuable  contributions  to  this  volume  from 
Messrs.  J.  A.  Allen,  Orestes  H.  St.  John,  and  Thomas  Ward, 
all  of  whom  were  employed  on  the  Thayer  Esiiedition.  I  am 
indebted  to  Professor  Jeffries  Wyman  for  an  interesting  com- 
munication with  reference  to  a  Botocudo  skull,  and  to  Pro- 
fessor Alpheus  Hyatt  for  his  valuable  paper  on  the  Creta^ 
ceous  Fossils  of  Maro'im  ;  Professor  0.  0.  Marsh  has  kindly 
examined  and  described  in  the  Journal  of  Science  a  few 
reptilian  remains  I  collected  at  Bahia,  Professor  Verrill  de- 
scribed the  radiates  of  my  second  journey,  and  Mr.  S.  J.  Smitli 
has  published  a  valuable  paper  on  the  Crustacea  of  the  same 
journey.  Professor  Mareh's  paper  I  have  given  almost  en- 
tii'e.  From  Professor  Terrill's  I  have  drawn  largely,  and  I 
have  given  the  general  results  of  fcliat  of  Mr.  Smitli.  A  part 
of  the  chapter  on  the  Coral  Reefs  appeared  in  the  American 
Naturalist,  together  with  several  of  the  wood-cuts,  which 
have  been  kindly  lent  me  for  this  volume.  I  must  ex- 
press my  thanks  to  Messrs.  Putnam,  Packard,  Morse,  and 
Hyatt,  of  the  Peabody  Academy,  for  valuable  assistance  ren- 
dei-ed. 

Professor  Agassiz  has  generously  allowed  me  the  use  of 
books,  maps,  and  photographs,  and  has  assisted  me  in  vari- 
ous ways.     I  regret  exceedingly  that  his  illness  has  pre- 
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vented  liini'  from  preparing  for  the  work  the  paper  on  the 
fishes  ■which  he  contemplated. 

In  the  recent  escelleiit  work  "  On  the  Highlands  of  the 
Brazil,"  by  Captain  Burton,  tlie  celebrated  African  traveller, 
now  English  Consul  at  Santos  in  the  Provhice  of  S3«  Paulo, 
the  author  uses  throughout  tlie  definite  article  prefixed  to 
the  name  of  the  Empire.  Bin-ton  says,  "  I  do  not  call  the 
country  '  Brazil,'  which  she  does  not ;  nor  does  any  otlier 
nation  hut  our  own."*  Captain  Burton's  reasonhig  does 
not  seem  to  me  quite  conclusive.  It  is  true  that  tlie  Portu- 
guese say  "  0  Brazil,  the  Brazil,"  hut  the  ai-ticle  is  not 
prefixed  to  give  any  pai-ticular  definiteneas  to  the  name. 
Tliey  Bay  also  a  Inglcderra,  a  Franca,  o  Paraguay,  &c.,  the 
definite  article  being  applied  to  almost  all  names  of  places. 
So  we  have  in  French  le  BrSdl,  la  France,  V  Atigleterre.  In 
Italian  t!ie  definite  ai-ticle  is  used  before  the  name  of  a 
country  when  tlie  whole  of  it  is  meant,  but  ordinarily  it  is 
not  employed.    In  Spanish  it  is  used  much  as  in  French. 

Since  the  Brazilians  use  the  article  before  the  names  of 
other  countries  as  well  as  their  own,  in  accordance  with  a 
custom  followed  by  other  Eomanee  languages,  there  would 
seem  to  be  no  better  reason  for  saying  Tlie  Brazil,  contrary 
to  English  usage,  than  "  TTie  France"  because  t!ie  French 
do.  It  is  true  tliat  many  English  writers  on  Brazil  have  used 
the  article,  but  the  majority  have  not,  and  no  one  but  Bur- 
ton uses  it  to-day.  "  The  Brails,"  as  that  antlior  has  re- 
marked, is  an  anachronism  occasionally  seen,  but  only 
proper  between  the  years  1572  and  1576,  when  the  country 
was  divided  into  two  goveniments.  It  is  more  high-sound- 
ing than  the  ordinary  form,  and  so  probably  remains  in  use. 
In   the   North  European  languages,   German,  Hollandish, 

'■  Vol.  I.  p,  3,  note. 


d  by  Google 


TREFATOEY   NOTE.  IS 

Danish,  or  Swedish,  the  name  is  derived  from  the  Latin  fomi 
Brasilia;  *  iji  Danish  and  German,  Brasilien.  In  like  man- 
ner we  have  the  German  Italien,  Sicilien,  &c.  In  none  of 
these  languages  is  the  article  used.  I  have  followed  in  this 
work  the  common  usage,  and  have  omitted  tlie  ai'ticle. 

The  use  of  the  article  before  the  names  of  places  in  Brazil 
is  very  puzzling,  and  foreigners  writing  on  the  country  are 
sure  to  commit  blunders.  The  names  of  tlie  provinces  are 
especially  difficult.  Several  of  them  are  derived  from  rivers, 
as  Amazonas,  Parfi.,  Parahyba,  &c,,  and  these  take  the  article 
in  Portuguese,  as  do  Cear^,  AlagSas  (plural),  Eahia,  and 
Espirito  Santo ;  but  those  bearing  tlie  names  of  saints,  to- 
gether with  Pemambuco,  Sergipe,  Miiiae  Geraes,  Matto 
Grosso,  and  Goyaz,  do  not.  The  same  difficulty  is  met  -with 
in  the  names  of  rivers,  serras,  &c.,  and  it  is  impossible  to 
give  a  general  rule  to  guide  one  in  wa-iting  them.  Most 
writers  seem  to  be  impressed  with  the  idea  that  Portuguese 
is  only  had  Spanish,  and  that  it  wiU  do  just  as  well  to  -write 
Brazilian  names  in  the  Spanish  form ;  so  ive  find  some  of 
our  best  autliors  on  Brazil  using  San  Francisco  for  Sao 
Francisco.  The  only  safe  way  seems  to  be  to  give  geogra- 
phical names  exactly  as  used  by  the  Brazilians  themselves. 

Bi'azil,  m  its  climate,  people,  and  productions  of  all  kinds, 
was  at  the  time  of  its  discovery  totally  diiferent  from  Europe. 
The  European  colonists  in  Brazil  therefore  had  no  names  to 
give  to  tlie  things  they  saw  about  them.  Such  was  not  the 
case  in  North  America,  where  the  early  explorers  found 
animals  and  plants  resembling  those  of  Europe,  and  they 
recognized  the  bear,  tlie  wolf,  the  codfish,  the  herring,  the 
oak,  &c.,  (fee.     But  in  Brazil  all  was  new,  and  the  euphoni- 

*  Haklnyt  used  the  form  Bresilia,  ard  it  is  to  be  fcimd  in  tTic  works  of  other 
old  English  wriiei-s. 
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ous  indigenous  immea  were  adopted  and  '  o  po  ited,  and 
to-day  the  Portuguese  of  Brazil  is  full  of  tl  em  an  ]  places, 
too,  bear  to  a  rmy  large  exteut  their  lud  nan  Far  and 
wide,  np  and  down  the  eoast,  and  th  o  1  t!  e  oui  try,  was 
found  distributed  the  great  nation  of  tl  e  Tui  peaking 
eveiywhere  the  same  geuei'al  language,  and  it  is  from  this 
language,  now  spoken  O'i'er  a  large  part  of  Brazil,  that  these 
names  were  taken.  These  names  haye  been  written  with 
the  Portuguese  pronunciation,  and  have  often  been  much 
corrupted,  so  that  tlieir  orthography  varies  very  mucli. 
Foreigners  murder  them  feai'fuliy.  Among  the  writers  on 
Brazil  Bates  and  Burton  are  i^erhaps  the  most  accurate  in 
their  use  of  Portuguese  and  Tupf  names.  In  tliis  work  I 
have  followed  the  best  authorities,  and  I  have  taken  particu- 
lar pains  to  insure  correctness  in  tlie  geographical  names  ; 
but  since  there  is  no  standard  of  orthography  for  these 
names  even  in  Brazil,  and  since  one  is  frequently  obliged  to 
depend  on  an  ignorant  guide  for  the  name  of  a  place  or 
an  object,  absolute  miiformity  and  accuracy  ai'o  out  of  the 
question. 

In  looking  up  the  derivation  of  Brazilian  geographical 
names,  I  was  led  into  a  study  of  the  word  "  Brazil,"  but  I 
soon  found  that  Humboldt  had  preceded  me,  and  I  am  able 
to  add  little  to  what  he  has  said  on  the  subject.  Since  there 
are  afloat  so  many  incorrect  ideas  concerning  the  deriva- 
tion of  Uie  name,  it  seems  not  unadvisable  to  give  here  in 
brief  the  result  of  Humboldt's  researches.* 

According  to  Humboldt  the  name,  under  the  various  forms 
of  Bracie,  Brazil,  BerzU,^  api^ears  on  Italian  maps  from 

*  Gdngraphie  da  «oaveaa  Coidimnl,  Tom.  II.  p,  S14,  lo  ivliicii  the  reador  is 
referred  for  the  details  of  the  diseosaion. 
t  Among  tbe  many  tiirious  old  (arms  of  the  name  nriinil  mnj'  bo  mentioHcd 
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1351  to  1459,  applied  to  one  or  more  of  the  islands  of  the 
Agores,  and  more  particularly  to  a  point  of  the  island  of 
Tei-ceira,  which  still  bears  the  name. 

For  three  centuries  before  tlie  discovery  of  the  route  to 
tlie  Indies  around  the  Cape  of  Good  Hope  there  was  known 
in  Europe  a  dye-wood  called  bresill,  hrasUly,  bresilji,  braxi- 
lis  or  brasile,  which  appears  to  have  been  derived  from  one 
or  more  East  Indian  species  of  Casalpma  and  Pterocarpus. 

As  to  how  tliis  dye-wood  came  to  bear  the  name  of  Brazil 
I  know  not,  and  I  fear  that  any  attempts  to  derive  it  from 
Sanskrit  or  other  roots  wdl  lead  to  notliing  satisfactory.* 
Anghiera  speaks  of  the  occm'rence  of  Brazil  wood  in  Haiti, 
which  was  known  long  before  the  discovery  of  Brazil. 
GriiiEeus  speaks  in  1499  of  the  Brazil-wood  seen  at  Paria 
(Payra). 

Huraholdt  says :  "  In  proportion  as  discoveries  extended 
themselves  to  the  south  of  Cape  Santa  Augustinho,  especially 
after  Pedro  Alvarez  Cabral,  in  May,  1500,  had  taken  posses- 
sion of  tlie  Terra  de  Santa  Cruz,  the  connnerce  in  the  red- 
wood of  Continental  America  became  more  active.  On  tlae 
fourth  expedition  of  Vespucius,  in  which  one  of  the  ships 
was  lost  on  the  shoals  around  Fernando  Noronha,  a  cargo 
of  Brazil-wood  was  taken  in  near  the  Bahia.     All  tlie  world 

that  of  Presill,  found  in  nn  anoient  pnblicfllion,  depcrilied  bv  Htimboldt  in  bis 
GiOipvphie  dfi  noat!eaa  CoMinmt,  Tome  V.  p.  239,  entitled  Copia  der  Newen 
Zei/tujii;  OHSS  Pre^llig  Landl. 

*  See  Hiimtioldt,  op,  dl.  Tome  11.  p.  222.  It  is  always  unsafe  to  proceed 
m  Ibe  inyeetigation  of  the  etymologicnl  detiralion  of  prajxir  names,  unless  one 
has  bistorlcal  evidence  of  some  sort  to  eniile  liim. 

t  Deeada  I.  Liv.  4.  p,  1!,  quoted  bj  Homboldt  AnghlerB  SHis  tbat  t!icra 
were  found  at  Haiti  "sylvas  immensas.  qiite  nrborea  nnllas  nutriebant  alias 
prflitaqnam  eoccineas  qnavnm  bRnnni  tucrratfi f!  Ilah  '■anii'iM,  Hiajiari  bro- 
silum  appellant." 
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knows  that  little  hy  httle,  m  the  first  half  of  the  sixteenth 
century,  this  same  abuudaiico  of  dye-wood  has  caused  the 
name  of  Terra  de  Santa  Ci  uz,  given  by  Cabral,  to  be  changed 
into  tlie  Ten  a  de  Brasi/, '  changement  inspire  parled^mon, 
dit  I'historiographe  Earros,  car  le  vil  bois  qui  teint  le  drap 
en  rouge  ne  vant  pas  le  sang  versS  pour  notre  salut.'  So 
from  the  Asiatic  Archipelago  the  name  Brasil  has  passed 
to  a  cape  of  the  island  of  Terceira,  and  then  to  the  sontliem 
sliores  of  the  New  Continent." 
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GEOLOGY  AND  PHYSICAL  GEOGRAPHY  OF 
BRAZIL. 


CHAPTER    I. 

THE  FKOVINCE  OF  EIO  DE  JANEIRO. 

The  Scri'.i  do  Miir.  — The  Serra  da  Mtt!i%uei«i,  and  the  Pico  do  Itatiaiossii.  — 
The  Rio  Parahyba  do  Sul  and  its  Tribntaries.  —  Descriplion  of  tlie  Bay  of 
Bio,  its  Islands,  Tides,  &c  — The  Sngar-Loiif.  —  The  Corcovado.  — Tho 
Gneiss  of  Bio,  —  The  Organ  Mountains.  —  Geolo^eal  Observolions  along 
the  Canlagallo  K^ltoad.  —  Drift  Phenomena  at  Rio,  Tijuea,  and  on  tiio 
Dom  Pedro  II.  Bailroad.  —  Decomposition  of  Gneiss  in  liiS  and  its  Effect  on 
the  Forms  of  the  Hills.  —  Recent  Rise  of  the  Coast.  —  The  Coast  between 
Rio  and  Cape  Trio,  its  Lakes,  Salines,  &e-  —  Cape  Frio. —Oa  Btiaios.  —  Isl- 
ands of  Santa  Anna.  —  li'rsde  de  Maeahe.  —  Campos  dos  Goitacaies,  their  La- 
goons, Canal,  &o. — Rio  Pai'ahyba. —  S!to  Jo!Io  daBacra. —  Sugar  Plan  tatjons. 

—  City  of  Campos.  —  The  Rio  MuriahS.  —  Terdary  Beds.  —  Sugar  Paiicndas. 

—  Sao  !Fidelis.  —  The  Gold  Mines  of  Cantagallo.  —  Geological  Notes  on  tho 
Country  between  S3o  Fidelis  anil  Bom  Jesus.  —  The  Rioltabapaana.  —  Tho 
Serm  d'ltabapuana.  —  The  Garraitto,  —  Barra  do  Itabapuana. 

The  proYince  of  Rio  de  Janeiro  is  almost  entirely  com- 
posed of  gneiss,  and  this  gneiss  region  is  mountainoiia  and 
high.  Tlie  Serra  do  Mar,  skirting  the  coast  of  the  province 
of  SSo  Paulo,  enters  the  southwest  corner  of  the  province  of 
EJo,  and,  composed  of  a  great  number  of  parallel  ridges, 
often  much  broken,  traverses  it  from  one  end  to  the  other. 
These  mountains  form  the  edge  of  the  great  Brazilian 
plateau,  which  consists  along  its  eastern  border  of  a 
broad  band  of  gneiss.  The  course  of  the  Serra  do  Mar  is 
approximately  east-northcast,  so  that,   as  the  coast  of  the 
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proyince  of  Rio  de  Janeiro  runs  eastward  from  SSo  Paulo 
to  Cape  Frio,  the  Serra  do  Mar,  on  entering  the  province 
of  Rio,  trends  gradually  away  from  the  coast,  passing  by 
the  head  of  the  Bay  of  Rio.  The  gneiss  plateau  is  bor- 
dered in  the  eastern  part  of  the  province  by  low  plains, 
tertiary  and  recent.  The  minor  ridges  of  tiie  giund  Serra 
do  Mar  break  down  abiiiptly  on  the  edge  of  these  low 
grounds.  In  the  western  part  of  the  province,  where 
the  Serra  skii-ts  the  coast,  tliat  coast  is  often  liigh,  hold, 
very  irregular  in  outline,  and  bordered  by  numerous  rocky 
islands.  Soutli  of  the  Sen-a  do  Mar,  at  Rio,  lie  several 
isolated  mountains  and  ranges  of  hills,  really  belonging 
to  the  same  great  mountain  system,  but  sepai'ated  from 
the  plateau  by  low  plains  similai-  to  those  north  of  Cape 
Frio. 

To  the  northwest  of  the  Sen-a  do  Mar,  and  separated 
from  it  in  part  by  the  valley  of  the  river  Paraliyba  do  Sul, 
is  another  great  mountain  range  called  the  Serra  da  Mau- 
tiqueira,  which  is  also  composed  of  gneiss,  and  belongs  to 
the  same  system  of  upheaval  as  the  Serra  do  Mar.  This 
range  separates  itself  from  the  coast  range  near  the  city  of 
SSo  Paulo,  and,  lying  inside  the  Serra  do  Mar,  skirts  tlie 
coast  to  a  much  greater  distance  to  tlie  north  tlian  the 
latter  does.  The  ridge  properly  called  the  Serra  da  Maii- 
tiqueira  accompanies  the  nortliem  part  of  the  province  of 
Rio  for  a  few  miles,  when  the  province  boundary  line 
leaves  it  and  rmis  off  to  the  eastwai'd. 

At  a  distance  of  four  or  five  miles  from  the  nortliwest 
corner  of  the  province,  in  the  Serra  da  Mantiqueira,  is  tlie 
Pico  do  Itatiaiossii,  which  appears  to  be  the  highest  pomt 
in  Brazil,  and,  according  to  the  Revista  D-imensal  do 
InsHluto   Hintorico   e    Geographico   Brasileiro,  has  an  al- 
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titnde  of  about  30,300  feet.*  It  is  said  to  be  volcanic  in 
structure,  and  two  craters  are  reported  to  exist  on  it,  to- 
gether with  sulphur  springs  and  sulphur  deposits.f  I  have 
never  seen  the  Itatiaiossii,  but  I  have  the  strongest  doubt 
as  to  its  being  a  volcano.  Snow  occasionally  falls  on  tliis 
mountain  during  the  winter,  and  is  said  to  remain  some- 
times for  several  days.  There  can  be  no  reasonable  doubt 
about  this  being  Uie  highest  peak  in  Brazil.  Itacolumf, 
so  long  famed,  is,  according  to  Burton,  only  about  6,400 
feet  in  height.  According  to  Eschwege,  this  last  peak  is 
5,T20  feet ;  Gerber  says  1,112  metres  (3,650  feet)  ;  whUe 
the  highest  point  cited  by  Gerber  is  the  Alto  da  SeiTa  da 
Piedade,  in  tlie  Municipio  de  SabarA,  which  Liais  makes 
only  1,783  metres  (5,853  feet).  Gardner  estimates  the 
height  of  the  Organ  Mountains  at  from  7,500  to  7,800 
feet.  It  is  interesting  to  observe,  as  Burton  has  remarked, 
that  tlie  summit  line  is  not  in  the  interior  in  Brazil,  but 
close  to  tlie  coast.  Almost  precisely  soutli  of  tlie  Itati- 
aiossii, in  the  province  of  Sao  Paulo,  is  a  high  point  in 
the  Serra  do  Mar,  which  gives  rise  to  two  rivers,  —  one,  a 
small  stream,  tlie  Rio  Pirahy,  flowing  east  and  then  north- 
east between  two  ridges  of  tlie  Serra  do  Mar ;  the  other, 
the  Bio  Paraliyba  do  Sul,  under  the  name  of  Pirahytinga, 
which  flows  sontliwestward  and  westward  for  about  eighty 
miles,  when  it  escapes  northward  ai-ound  the  end  of  the 
ridge  which  has  so  far  formed  its  barrier  on  the  north,  and, 
doubling  upon  itself,  flows  thence,  with  a  general  east-north- 
east diiection,  behind  the  Serra  do  Mar,  traversing  the  whole 

*  Dr.  Candido  MeaCes  de  Almeida,  in  hia  Alhs  do  hi/Krio  do  Braiil, 
makes  the  iieighl  only  S,994  metres,  or  9,829  feet, 

t  Burton,  Exploralions,  £c..  Vol.  I.  p.  fil.  He  lioes  not  here  sped;  from 
personal  obsewation. 
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province  of  Eio  de  Janeiro,  until,  some  forty-five  miles  from 
tlie  sea,  the  mountains  break  down  on  the  edge  of  the  pla- 
teau, when  it  reaches  tlie  Campos  doa  Goitacazes,  and 
empties  into  the  sea  after  a  course  of  102  Brazilian  leagues 
(Gerher),  or  408  miles. 

According  to  Gerber,  the  altitude  of  the  river  above  the 
sea,  at  tlie  mouth  of  the  river  Pai'ahybuzia,  is  272  metres. 
The  sti-eam  is  so  much  broken  up  by  rapids  above  Sao  Fide- 
lis  that  steam  navigation  ends  there,  and  in  the  rest  of  its 
course  it  gives  passage  only  to  canoes  and  large  montarias 
propelled  by  the  setting-pole  or  towing-rope. 

The  principal  affluents  of  the  Parahyba  are  tlie  Rio 
Pirahy,  already  mentioned,  which  affords  steam  naviga- 
tion for  a  short  distance  above  its  mouth ;  tlie  Rio  Preto, 
which  rises  in  the  Itatiaiossu,  and  is  a  much  larger  stream, 
falling  into  the  Paraliyba  north  of  Rio ;  the  Pirapitinga, 
which  rises  in  the  Serra  of  the  Pardo ;  the  Piabanha,  which 
descends  from  the  Serra  do  Mar  from  near  Petropnlia, 
and  enters  the  Rio  Parahyba  at  Entre  Rios,  a  little  abo^e 
the  Parahybuna;  (tliis  latter  descends  fiom  the  Man- 
tiqueira,  on  tlie  opposite  side  of  the  basm,  m  the  lame 
meridian  witli  the  Kabanha) ;  tlie  Pomha,  Mhich  uses  m 
the  Serra  da  Mantiqueira,  a  few  mdes  ea&t  of  Bliba'en^; 
and  the  Muriah^,  which  takes  its  souice  m  the  same  lange, 
a  few  leagues  to  tlie  east,  Tlie  gneisi  region  of  Bio,  whoie 
uncultivated,  bears  a  most  vigorous  virgin  forest  growth, 
and  its  soils  are  particularly  favorable  for  tlie  cultivation  of 
coffee  ;  the  great  valley  of  the  Parahyba,  above  SSo  Pidelis, 
and  the  valleys  of  its  affluents,  are  largely  occupied  by  coffee 
plantations.  The  same  is  true  of  the  gneiss  regions  of  the 
north,  whose  topography  and  soils  arc,  over  large  districts, 
favorable  for  coffee  planting. 
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With  these  words  of  introduction,  let  us  now  look  at  the 
general  points  of  interest  to  the  geologist  and  physical  geog- 
rapher in  the  vicinity  of  Rio,  and  then  examine  the  province 
to  the  east. 

The  Bay  of  Kio  ia  a  basin  penetrating  inland  about  twenty 
miles.  It  is  only  about  a  mile  wide  at  the  mouth,  or  Barra, 
but  widens  immediately.  Tlie  shores  on  each  side  run  in 
and  out  with  deep,  sweeping  curves,  making  beautiful  bays ; 
and,  three  miles  inside,  passing  the  city  of  Nictherohy  on 
the  east  and  Rio  de  Janeiro  on  the  west,  the  bay  widens 
rapidly,  and  then,  witli  the  same  irregular  shore  line,  attains 
its  greatest  width  about  six  miles  from  the  mouth,  when  it 
contracts  and  rmis  off  inland  toward  Uie  northeast.  It  con- 
tains several  islands ;  tliose  near  the  city,  as  tlie  Ilha  das 
Cobras  and  Hha  Enxada,  ai'e  of  gneiss,  like  that  of  the  adja- 
cent hills. 

The  Ilha  do  Governador,  a  large  island  which  I  have  ex- 
amined on  the  eastern  aide,  is  composed  partially  of  gneiss  ; 
but  I  strongly  suspect  that  it  is  largely  made  up  of  the 
same  tertiary  clays  which  I  have  found  on  the  Cantagallo 
Railroad,  neai"  Poi'to  das  Caixas.  It  seems  too  level  to 
consist  of  gneiss  alone.  Tliis  island  possesses  fertile  soils, 
but  the  ants  are  a  terrible  plague.  Burton  says  that  there 
are  kjoekkenmoeddings  upon  it.  Ancient  shell-heaps  have 
been  reported  from  Brazil  by  Dr.  Henry  Naegeli  of  Rio, 
and  they  occur  at  various  places  along  the  coast.  At  Santos 
there  are  some  very  extensive  ones,  and  St.  Hilaire  speaks 
of  numerous  shell-heaps  on  the  coast  of  t!ie  province  of 
Espirito  Santo  near  Santa  Cruz. 

The  smaller  islands  are  gneiss,  though,  as  in  PaquctS.,  we 
find  isolated  gneiss  masses  united  by  stretches  of  sands  con- 
taining recent  shells.    Spix  and  Miu'tius  have  ealleil  attention 
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to  the  great  number  of  palms  growuig  on  the  islands  in  the 
Bay  of  Bio,  owing  to  the  dampness  and  heat  of  the  climate. 
Tlie  bay  is  nowhere  very  deep  ;  along  tlie  shores  it  is  veiy 
sliailow ;  and  Mouchez'a  map  shows  the  soundings  pro- 
gressing quite  uniformly  from  all  sides,  from  one  to  four- 
teen or  eighteen  metres,  Neai'  the  middle  of  the  hay,  off 
Rio,  we  find  the  greatest  depth,  —  thirty-one  metres. 

Near  the  mouth  of  tlie  bay  the  shores  are  rocky  and  sandy ; 
the  water  is  cleai',  and  the  bottom  is  composed  of  sand  and 
shells ;  but  around  the  whole  head  of  the  hay,  where  tlie 
flliores  are  low,  and  a  host  of  little  rivers  bring  down  great 
quantities  of  silt,  the  basin  is  bordered  by  extensive  man- 
grove swamps,  and  tlie  bottom  is  shallow  and  muddy. 

In  tlie  turbid  and  somewhat  brackish  waters  of  the  head 
of  the  bay  oysters  of  an  immense  size  flourish,  often  grow- 
ing attached  to  the  roots  of  tlie  mangroves.  Fish  are  very 
abundant,  and  the  eurraes,  or  weirs,  for  taking  tliem  are 
conspicuous  objects  in  tlie  shore  scenery.  Tlie  waters  of 
tlie  interior  of  the  bay  are  exceedingly  clear  and  bright,  and 
off  tlie  islands  of  Paquet^  and  Governador  a  deposit  of 
shells,  with  a  calcareous  mud,  is  in  process  of  accumulation. 
Almost  all  the  shells  are  small,  and  consist  chiefly  of  spe- 
cies oi  Area,  Venus,  Murex,  Cardium,  Dentalium,  (fee.  I  have 
looked  diligently  for  corals,  but  the  only  Madreporians  I 
have  seen  in  tlie  Bay  of  Bio  consist  of  a  couple  of  species 
of  Astrangia*  found  growing  on  tlie  shells, and  contributing 
really  nothing  to  the  deposits  there  accumulating.  The  tide 
in  tlie  Bay  of  Itio,  as  near  as  I  can  learn,  rises  from  three  to 
five  feetjf  but  is  very  uncertain,  as  has  been  remai'ked  by 

*  Pi-ofessor  Agassiz  tells  me  tint  n  species  of  Poriws  liaa  been  eollected  by 
Dr.  Naegeli. 

t  On  the  map  of  Bio,  by  M.  Envral,  it  is  set  down  ns  ihi'te  feet.  Spix  iind 
MavtiuB  are  in  error  in  maHug  it  fourteen  or  fifteen  feet. 
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Spix  and  Mfirtius.*  I  have  seen  the  tide  stand  at  the  same 
level  for  a  whole  day  at  tlie  docks  in  Eio.  On  one  occasion 
I  visited  Paqiiet^,  and  during  a  day  and  a  half  the  tide 
was  high  ;  but,  shortly  after  my  return  to  Eio,  it  fell  to  an 
extraordinarily  low  level,  and  remained  so  for  many  hours, 
This  appears  to  be  owing  to  tlie  fact  that  the  bay  opens 
to  the  southward,  while  tlie  mouth  is  very  contracted,  SO  that 
the  waters  may  be  piled  up  on  the  coast  by  a  southerly 
wind  in  such  a  way  as  to  prevent  the  tide  from  flowing 
out,  while  other  winds  may  depress  the  level  of  the  waters 
for  as  long  a  period. 

Tlie  entiiuice  to  the  harbor  is  very  bold  on  both  sides, 
and  is  sentinelled  by  steep  gneiss  hills,  — rounded  or  coni- 
cal, wooded  or  bai-e,  —  presenting  lichen-blacked  precipices, 
whose  faces  are  smoothed  and  rounded  in  a  most  remarkable 
manner.  On  the  eastern  side  some  of  tliese  hills  ai'e  more 
tlian  a  thousand  feet  in  height.  They  are  clustered  closely 
together,  and  stretch  off  in  a  sea  of  hills  along  the  bay  for  a 
few  miles  on  the  eastern  side,  while  along  the  coast,  eastward 
toward  Cape  Frio,  Uiey  form  a  line  of  irregular  mountains 
of  much  grandeur  and  beauty.  On  the  west  side  of  the 
entrance  to  the  bay  is  tlie  conical  peak  of  the  Pao  de  Assu- 

*  Spix  and  Mnrtius,  fleise,  VoL  I.  p.  95,  "  The  inMrior  basin  of  Eio  da 
Janeira  has  its  tide  ns  well  as  the  ocean.  At  new  and  full  moon,  high  water, 
which  rises  foni-teen  or  fifteen  foot,  mta  in  at  thii-tj  minutes  past  four ;  the  ebb 
Bometinios  continuea  a  whole  day  without  intermission,  at  which  lame  the  current 
ie  the  strongest  on  the  west  side  of  the  bay.  On  the  other  hand,  when  the  flood 
begins,  a  whirling  current  is  remarked  on  die  east  side.  The  flood  eontinnes  a 
shorter  time  than  the  ebb,  and  nsnallj  runs  at  the  rale  of  three  or  four  sea 
miles  per  hour.  This  strong  flood  has  more  than  once  led  the  captiuns  of  the 
ships  into  error,  and  caused  them  to  cast  anchor  too  dose  So  the  shore." 

The  same  authors  remark  that  the  saltncss  of  the  water  of  the  hay  is  rather 
less  thmi  that  of  the  ocean.    This  is  to  be  expected,  from  the  large  drain  of 
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car  (^Pot  de  Beurre  of  the  early  French  colonists),  with  its 
smootli,  precipitous  sides.  This  celebrated  rock  belongs  to 
a  short  range  of  hills  that  runs  westward  to  the  Lag6a  das 
Freitas,  and  which  is  separated  from  the  Corcovado,  and  the 
hills  of  which  the  latter  forms  a  part,  by  tlie  valley  of  Bota- 
fogo.  The  Sugar-loaf  is  said  to  be  over  a  tliousand  feet  in 
height.*  The  other  hills  are  much  lower,  and  are  rounded, 
with  precipitous  sides  facing  the  valley.  They  are  composed 
of  heavy  beds  of  gneiss,  which  is  very  homogeneous,  coarse- 
grained, and  often  very  porphyritic  in  structure,  witli 
large  crystals  of  flesh-colored  orthoclase  feldspar.  These 
beds  have  very  nearly  the  same  strike  as  the  trend  of  the 
hills  they  compose,  and  dip  southward  at  a  moderate  angle, 
as  may  be  observed  in  tlie  cliffs  along  tlie  pass  leading  from 
Botafogo  to  tlie  Praia  de  Oopocabana.  The  Corcovado  is 
a  shai-p,  angular  peak,  which  separates  itself  from  tlie  great 
mass  of  hiUs  lying  back  of  Bio,  rising  by  a  long,  narrow 
incline  on  the  northwestern  side  to  a  point  only  a  few  rods 
in  area  on  top.  On  three  sides  it  drops  oif  in  a  splendid 
sheer  precipice,  which  on  iA\e  south  is  several  hundred  feet 
high.  Below  this  precipice  tlie  mountain  presents  to- 
ward the  south  a  very  steep  wooded  slope,  A  similar 
slope,  not  a  talus,  runs  below  tlie  cliffs  on  the  opposite 
side  of  the  valley,  and  may  be  observed  in  very  many 
hills  of  the  gneiss  region.  In  the  Corcovado  we  find 
rocks  sunilar  to  those  of  the  Sugar-loaf,  but  varying  con- 
sidei-ably  in  character,  being  generally,  near  the  top,  well 
laminated,  sometimes  with  large  crystals  of  feldspar,  and 
not  infrequently  full  of  gai-nets.  The  dip  varies  somewhat, 
and  I  find  in  my  field-book  two  notes  of  a  slight  soutlierly 

*  Bni'mdster  says  1,212  feet.     (Reise  noe!i  Bradliea,  p.  57.)    Dr.  Almeida 
mcfces  it  373  metres,  or  about  1,426  feet. 
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dip  near  the  top,  while  an  observation  taken  some  distance 
below  the  reservoir  on  the  aqueduct  gave  a  marked  north- 
waid  dip  The  EjPiienl  dip  of  the  gneiss  in  the  peak,  as  well 
\s  m  the  hills  east  is  certamly  northward,  and  one  sees  the 
sime  dip  m  ceitam  ledaei  of  rock  in  the  harbor,  which  lie 
m  the  line  of  stiike  of  the  beds  of  tlie  Corcovado.  The  val- 
ley-which  sepaiates  tlie  hills  of  the  Corcovado  from  tliose  of 
the  Sugar  loat  is  therefoie  an  aiitechnal  valley.  Professor 
AgiMsiz  has  independently  made  tlie  same  observations,  and 
has  come  to  the  same  conulusions.* 

Three  miles  southwest  of  tlio  Corcovado  are  tlie  Tres  IrmSos, 
a  gi-oup  of  conical  peaks  very  interesting  to  the  student  of 
topography,  and  a  couple  of  miles  west  of  tliese  is  the  Gavia, 
an  isolated,  tower-like,  flat-topped  mountain,  said  to  be  3,000 
feet  high.    "Witliin  the  irregulai'  ring  formed  hy  these  moun- 

*  Piasis  has  called  attention  to  the  resemblance  homo  between  the  fine- 
grained gneiss,  with  garnets  oyerlying  the  porphyritie  variety  forming  the  base 
of  the  Corcovado,  anil  tlmt  of  the  rocks  at  Copocabana.  (Jfcii.  de  I'lnslii, 
de  France,  Tom.  S.  pp.  3Q2,  3(53.) 
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tains  is  the  beautifol  Lag8a  de  Freitas,  a  sheet  of  water  held 
in  a  basin  among  the  hills,  and  shut  out  from  the  sea  —  like 
the  lagSas  bo  common  along  the  coast  east  and  -west  of  Rio 
—  by  the  throwing  up  of  a  sand-beach  across  its  moiitli. 
Travellers  all  speak  of  the  romantic  beauty  of  this  spot,  and 
it  ia  worthy  of  tlieir  praise  ;  for  thougli  clothed  in  the  warm 
verdure  of  the  tropica,  it  ia  really  Swise-Iike  in  the  character 
of  its  scenery.  If  the  geologist  has  any  soul,  any  love  for 
the  beautiful,  there  is  do  scene  which,  witli  all  his  cold  anal- 
ysis of  topographical  and  geological  elements,  is  more  lilcely 
to  impress  liim  as  an  artist's  work.  I  know  of  no  view 
wliich  has  affected  me  so  much  —  not  only  as  a  scientific 
observer,  but  as  a  man.  —  as  that  of  the  vicinity  of  Rio 
from  tlie  top  of  the  Corcovado.  There  are  a  thousand  sub- 
jects for  observation  and  study ;  and,  with  all,  there  comes 
over  one  a  feeling  akin  to,  but  infinitely  more  deep  and 
impressive  tlian,  that  which  one  experiences  when  m  some 
old  catliedral  he  sits  down  to  study  the  sublime  creation  of 
one  of  the  old  masters.  He  who  can  lean  over  the  parapet 
tliat  crowns  the  Corcovado,  and  look  down  more  than  2,000 
feetf  on  the  temple  of  palms  of  tlie  Botanical  Garden,  and  on 
the  silent  LagSa  de  FreitM,  —  "  another  sky,"  in  whose  blue 
depths  sail  soft  fleecy  clouds,  — who  can  gaze  on  the  proud 
encircling  peaks,  gi-een  with  an  everlasting  spring,  and  shiv- 
eiing  with  silveiy  reflections  from  the  Cecropias,  —  who 
can  look  out  over  the  island  and  sail  dotted  sea,  and  tbe 
surges  creeping  up  on  the  long,  curving  sea-beaches,  and 
then  over  tlie  bay,  witli  tlie  city  fringing  widely  its  sweep- 
ing curves,  the  sea  of  hills  beyond,  the  majestic  Serra  dos 
Orgaos  heaving  its  great  back,  in  the  exquisite  blue  distance, 
far  above  the  level  line  of  the  clouds,  its  great  minarets 

«  3,179  feet  id  tlio  csMt  hmght.     Euriiieisler  siiys  2,164, 
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sharply  defined  against  the  purple  ether,  —  aiid  can  intelK- 
geutly  take  hito  consideration  all  the  geological,  climatic, 
and  otlier  natural  laws  which  have  determined  the  elements 
of  beauty  and  usefulness  in  the  scene,  and  not  have  his  whole 
soul  moved  within  him  in  homage  to  the  Ai'tist  whose  hand 
has  moulded  continents,  cai'ved  out  tlieir  lineaments,  spread 
over  them  their  mauile  of  vegetation,  and  peopled  them  with 
living  forms,  has  not  gone  beyond  the  alphabet  and  gram- 
mar of  his  science,  and  liaa  no  idea  of  the  literature  of 
Nature. 

The  Corcovado  is  only  one  peak  of  a  mass  of  hills  which 
occupies  a  large  area  west  of  Rio.  It  is  united  by  a  pass 
1,000  feet  in  height  to  anotlier  mass  lying  northward  of  the 
last,  and  which  culminates  in  a  sharp  conical  peak  called 
Tijuca,  the  latter  being  about  3,447  feet  in  height.  The 
Tijuca  range  is-  connected  with  a  group  of  hills  which  ex- 
tends several  leagues  to  the  west.  Westward  of  the  G-avia 
is  a  stretch  of  plain  only  a  few  feet  in  elevation  above  the 
sea,  and  broken  up  by  very  numerous  lakes,  some  of  which 
are  of  considerable  size.  Between  the  hills  which  I  have 
just  described  and  tlie  Serra  do  Idar  tliere  is  a  wide  extent 
of  low  country,  in  some  parts  perfectly  flat  and  very  low, 
in  others  somewhat  diversified  with  hills.  I  have  seen 
this  comitry  only  from  the  railway-train,  but  I  would  sug- 
gest the  more  than  probability  tliat  a  considerable  part  of  it 
may  be  made  up  of  beds  of  stratified  clays,  like  tiiose  of  the 
Cantagallo  Eaih'oad,  presently  to  be  described.  Tlie  SeiTa  do 
Mar,  as  well  as  tlie  whole  range,  including  the  Organ  and 
CantagaUo  Mountains,  as  has  been  ah'eady  stated,  is  com- 
posed of  gneiss. 

At  Rio  the  gneiss  varies  very  much  in  texture.  As  a  gen- 
eral thing  it  occurs  in  very  tliick  homogeneous  beds,  varying 
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from  an  exceedingly  coarse  porpliyritic  kind  containing  large 
crystals  of  black  mica,  aiid  crystals  of  pink  feldspar  several 
inches  long,  to  a  fine,  even-grained,  compact,  light-gray 
variety.  Sometimes  it  is  very  distinctly  laminated,  fissile, 
flaggy,  or  schistose.  Garnets  are  very  common  in  it.  It 
is  largely  quaiTied  for  building  purposes  in  all  du-ections, 
and  tlie  liner-grained  kinds  are  much  used  for  paidng,  not 
only  ill  the  streets  of  Rio,  but  in  other  towns  on  the 
coast.  The  numerous  quarries  afford  very  excellent  sec- 
tions. The  unbroken  compactness  and  tlie  little  jointing 
of  rock,  even  on  tlie  sm-face,  strike  the  obsei'ver  as  re- 
markable. Many  of  tlie  hUls  are  monoliths.  The  dip 
and  strike  are,  owing  to  tlie  homogeneity  of  the  rock,  gen- 
erally very  indistinct.  Inmiense  granite  veins,  with  the 
minerals  composing  tliem  often  very  coarsely  crystalhzed, 
traverse  the  rock,  together  with  veins  of  milky  quartz  and 
occasional  dykes  of  diorite  or  greenstone.  Faults  are  numer- 
ous. I  copy  from  my  note-book  tlie  following  section  made 
from  the  barracks  north  of  Praia  Grande  on  the  eastern  side 
of  tlie  liarbor  and  extending  soutliward  to  tlie  city :  — 


At  the  barracks,  the  gneiss,  a,  is  dark  gray  with  a  fine 
lamination.  The  crystals  of  feldspar  are  veiy  small,  and 
tliere  are  a  great  many  red  garnets.  Strike  N.  40°  E. 
Dip  S0°   S. 

About  800  feet  southward  of  the  bai-racks  is  a  large  quarry, 
in  a  bed  of  veiy  compact  gneiss,  rf,  showing  scarcely  a  trace  of 
stratification.     It  is  composed  of  feldspar  in  large  crystals, 
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mica,  finely  crystallized,  and  very  little  quartz.  Garnets  are 
abundant,  and  the  rock  is  traversed  by  veins,  a  number  of 
which  I  have  noted  as  dipping  steeply  southward.  In  one 
of  tliese  veins,  which  was  four  inches  in  widtli,  the  sides 
consisted  almost  wholly  of  large,  coarse  crystals  of  a  light, 
flesh-colored  feldspar  wiiJi  a  little  green  mica,  while  the 
middle  portion  was  made  up  of  cleai',  glassy  quai'tz  of  a 
light  reddish  color,  with  an  occasional  large  crystal  of  black 
mica. 

Above  these  beds  are  others,  in  which  I  have  noted  that 
tlie  crystals  of  feldspar  lie  with  their  longer  sides  parallel  to 
the  plane  of  stratification.  In  a  large  vein  here  we  iind  the 
same  aiTangeraeiit  of  the  materials  as  in  that  above  de- 
scribed. 
/.  Gneiss  with  very  large  crystals  of  feldspar. 

g-.  Thin  beds  of  compact  mica-slate,  or  extremely  fine- 
grained and  distinctly  bedded  gneiss.  Strike  N.  35°  E. 
Dip  35°   S. 

Here  the  section  fails  on  reaching  the  city.  In  a  hill  im- 
mediately east  of  the  church  of  Sao  JoSo  the  gneiss  is 
principally  composed  of  large  feldspar  crystals.  Strike  N. 
80°  E.  Dip  35°  S.  In  the  point  between  Praia  Grande  and 
Sao  Domingo  the  rock  is  like  that  last  seen,  the  strike 
being  N.  80'  E.,  and  tlie  dip  southward.  Just  south  of  Fort 
Sao  Domingo  Uiere  are  seen  veins  of  iron  ore  m  the  g-neiss ; 
the  dip  is  about  45°  S.,  and  tlie  strike  about  N.  SO"  E. 

1  have  carefully  examined  the  cuttbgs  on  the  Dom  Pedro 
II.  Kailroad,  from  Belem,  at  tlie  southern  base  of  tlie  Serra 
do  Mar,  to  Ypiranga,  in  the  valley  of  the  Pai'ahyba  do  Sul, 
and  I  have  studied  them  in  detail,  on  foot,  from  the  moirth 
of  the  great  tunnel,  which  pierces  the  crest  of  the  Serra, 
to  Ypiranga.    The  whole  ridge  iis  composed  of  gneiss,  which 
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varies  very  miicli  in  character,  as  a  general  rule  being  dark 
gray  in  color,  well  laminated,  often  fine-grained  and  schis- 
tose. The  strike  varies,  according  to  my  observations,  from 
N.  45°  E.  to  N,  80°  E.,  and  the  mean  of  thirty-four  observar 
tions  of  strike  taken  along  the  road  from  tlie  southern  en- 
trance of  the  great  tunnel  to  the  Barra  do  Pirahy,  would 
give  N.  62°  E.*  The  dip  is  almost  invariably  nortliward 
from  Belem  to  tlie  Parahyha,  so  that  tlie  Serra  is  here  a 
monoclinal  ridge,  but  it  is  very  probable  that  the  same  strata 
are  repeated.  There  seems  to  have  been  much  dislocation  of 
the  strata,  and  faults  are  common.  In  some  cases  the  beds 
are  much  plicated,  though,  as  above  remarked,  the  general 
dip  is  remarkably  uniform.  Quartz  and  granite  veins  are 
very  numerous,  and  ti'ap  dykes  are  not  uncommon.  At 
Tpiranga  is  a  thin  bed  of  crystalline  limestone,  which  is  ex- 
posed near  the  railway,  and  is  more  or  less  quarried  for 
burning  into  lime. 

Tlie  Serra  dos  Orgaos  and  the  Serra  da  Esti'ella,  so  fre- 
quently described,  is  a  heavy  ridge  lying  at  the  head  of  tlie 
Bay  of  Rio,  and  belonging  to  the  Serra  do  Mai'.  It  is  a  m£ig- 
nificent  mountain  pile,  which,  to  the  east,  runs  up  into  a 
series  of  picturesque  aiguilles.  I  have  never  myself  visited 
the  Organs,  and  I  quote  Professor  Agassiz's  remarks  on  the 
structure  of  this  ridge.  He  says :  t  "  Tlie  chain  is  formed  by 
the  sharp  folding  up  of  the  strata,  sometimes  quite  vertically, 
in  other  instances  with  a  slope  more  or  less  steep,  but  always 
ratlier  sudden.  To  one  standing  on  tlie  hill  to  the  east  of 
Theresopolis,  the  whole  range  presents  itself  in  perfect  pi'ofile ; 
the  axis,  on  either  side  of  which  dip  the  almost  vertical  beds 

*  Of  eight  reliable  observations  of  strike,  talteii  in 
is  N.  55°  .10'  E. ;   but  these  observations  yaiy  from 
i  Journey  in  Brazil,  p.  491. 
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of  inetainoi|ihic  locli'^  composing  the  chain,  occupies  about 
the  centre  of  the  range. 

"  To  the  iiortli,  though  very  steeply  inchncd,  the  beds  are 
not  Bo  vertical  as  in  the  soutliern  prolongation  of  the  range. 
The  consequence  of  tliis  difference  is  tlie  formation  of  more 
massive  and  less  disconnected  summits  on  tJie  nortli  side, 
while  on  the  south  side,,  where  the  strata  are  nearly  or  quite 
vertical,  tlie  harder  set  of  heds  alone  have  remained  stand- 
ing, the  softer  intervening  beds  ha\-ing  been  gradually  disin- 
tegrated. By  this  process  have  been  formed  tliose  sti'angc 
peaks  which  appear  from  a  distance  like  a  row  of  organ- 
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pipes,  and  have  suggested  the  name  by  -whicli  the  chain  is 
known.  They  consist  of  vertical  beds,  isolated  from  the 
general  mass  in  consequence  of  tlie  disappearance  of  contig- 
uous strata.  The  aspect  of  these  mountains  from  Eio  is 
much  the  same  as  fi'om  Tlieresopolis,  only  that  from  the 
two  points  of  yiew  —  one  being  to  the  northeast,  the  other 
to  the  southweat  of  the  range  —  their  summits  present  them- 
selves in  reverse  order.  When  seen  in  complete  pi'ofile, 
their  slender  appearance  is  most  striking.  Viewed  from  the 
side,  the  broad  surface  of  the  strata,  though  equally  steep, 
exhibits  a  triangular  form  rather  titan  that  of  vertical  col- 
umns. It  is  strange  that  the  height  of  the  Organ  Mountain 
peaks,  so  conspicuous  a  feature  in  the  landscape  of  Eio, 
should  not  have  been  accurately  measm-ed.  The  only  pre- 
cise indication  I  have  been  able  to  find  is  recorded  by  Liais, 
who  gives  7,000  feet  as  the  maximum  height  observed  by 
him."  * 

"  These  abrupt  peaks  frequently  surround  closed  basins, 
very  symmetrical  in  shape,  but  without  any  outlet.  On 
account  of  this  singular  formation,  tiie  glacial  phenomena 
which  abound  in  the  Organ  Momitains  are  of  a  pcculiai" 
character."  f 

Pissis  $  has  described  the  Organs  in  very  much  the  same 

•  Gtardner  makes  them  7,500  to  7,800  feat, 

t  Similar  aigiiillea  are  com.mon  elEewheve  on  the  coast  in  the  gneiss  helt,  iind 
present  the  same  features  as  are  described  hy  Professor  Agaesiz.  I  may  cite 
here,  as  examples,  the  rradB  de  Macah^,  the  Pedra  Lisa  anil  the  Garraflto,  near 
Ilabapnana,  the  pcaka  of  Itapemeidm,  Sx.,  all  of  which  I  shall  describe  here- 
after. 

}  "  Le  leptinite  s'y  trouve  fon«ment  redress^  et  pn&ente  des  lam«s  colossales 
qui,  vues  de  Eio  cla  Janeiro  dnna  le  sens  de  leur  ^paisseur,  appamissent  comme 
de  hnntes  Bt  minces  aiguilles  plac^  les  unes  h,  c6t^  dee  autres  et  ressem- 
blant  assez  a  des  ttijaux  d'orgiics."  —  jliei«.  de  I'lnst  ds  France,  Tom.  X, 
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terms  as  Agassiz.  The  same  author  calls  attention  to  the 
great  steepness  of  the  southern  slope  of  the  Organ  Moun- 
tains, and  speaks  of  the  little  streams  which,  precipitat- 
ing themselves  over  it,  are  visible,  as  I  can  testify,  from 
Rio,  —  a  distance  of  more  than  thirty  miles,  —  appealing 
like  silvery  lines  drawn  down  the  blue  flank  of  the  Serra. 
The  needles  of  the  Organs  are  usually  i-epresented  as  seen 
from  their  tliinnest  side,  which  would  give  one  the  idea  that 
they  were  tower  or  chimney-like  masses.  Professor  Agassiz 
has  figui-ed  one  of  Uie  most  noted  of  tlie  peaks  as  seen  in 
tliis  way.  Tlirough  Ms  kindness  I  am  enabled  to  present  a 
side  view  of  the  same  peak,  from  a  photograph  in  his  posses- 
sion. The  views  of  the  Organs  in  Gardner's  Travels,  and  in 
the  majority  of  woi'ks  on  Brazil,  are  very  poor. 

The  gneiss  of  tlie  vicinity  of  Rio  and  of  the  Serra  do  Mar 
is  remarkably  unproductive  in  useful  minerals.  Indeed,  I 
do  not  know  of  any  mineral  deposits  of  economic  value  in 
tlie  region,  except  gold,  which  occurs  in  tiiese  gneisses' in 
SSo  Paulo,  at  Cantagallo,  and  elsewhere,  but  not  very  abun- 
dantly. Tlie  almost  entire  absence  of  limestone  is  remark- 
able.    I  liave  nowhere  seen  any  trace  of  graphite. 

The  Eio  Macacii  is  one  of  the  little  streams  entering  the 
Bay  of  Rio  near  its  northeastern  extremity.  The  whole  coun- 
try bordering  the  bay,  as  above  stated,  is  one  great  man- 
grove swamp,  and  from  tlie  mouth  of  tlie  river  to  tlie  Porto 
da  Villa  Nova  this  is  the  character  of  its  banks.  At  this 
place  the  soil  consists,  like  that  of  the  rest  of  the  swamp,  of 
a  soft,  dark-blue  mud,  or  clay,  containing  a  little  decomposed 
mica  in  silvery  flakes.  This  mud  at  Villa  Nova  is  twenty- 
four  feet  deep,  and  is  underlaid  by  sand  and  gravel  contain- 
ing recent  shells ;  but  farther  back  from  the  river,  as  might 
be  expected,  it  is  not  so  thick,  being  only  about  six  feet. 
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The  general  surface  of  the  country  here  is  perfectly  flat, 
and  only  about  one  foot  ai)ove  water  level  at  spring-tides. 
Tlie  river*  is  one  hundred  feet  wide  at  t!ie  Porto,  bnt  it  ia 
very  deep,  and  its  banks  are  bordered  with  ruah-like  plants, 
—  the  (piina,  a  plant  with  a  triangular  stem,  and  theperipeH, 
or  Brazilian  papyrus,  so  much  used  for  mata,  while  the 
swamps  are  covered  by  mangroves,  tapibuia  trees,  and 
a  dense  growth  of  plants,  such  as  love  the  salt  marshes. 

Leaving  the  river  at  Porto  da  Villa  Nova,  and  follow- 
ing along  the  extension  of  the  line  of  the  Cantagallo  Rail- 
way, one  soon  leaves  the  swamps,  and,  rising  a  few 
feet,  finds  himself  on  a  plain  of  coarse  white  sand,  m 
which  are  seen  exposed  in  excavations  an  abundance  of 
recent  shells,  like  those  which  lie  on  tlio  beaches  along 
the  bay,  Venus  flexuosa  being  especially  common.  These 
plains  are  sparsely  wooded,  and  support  a  vegetation 
quite  different  from  what  we  have  observed  in  tlie  swamps, f 
Conspicuous  among  the  ti-ees,  or  rather  large  shrubs,  is 
the  piiangveira  {Eiig'enia),  noted  for  its  refreshingly  acid, 
red  fruit.  Bromeliaeeous  plants  are  common,  together 
with  cactuses,  &c.     Where,  however,  a  soil  has  accumu- 

*  Buvnidater  remnrfcfl  uppn  the  coffee-brown  color  of  the  water  of  this  river. 
The  viianitj  ia  very  unhealthy,  intermittent  fevers  of  a  tjphoid  character  pre- 
vailing. 

t  Spix  ftnd  Martins  ilesiTibo  a  similar  sand-plain  on  the  road  from  Rio  to 
the  Imijeriol  Fazenda  of  Santa  Cruz  ;  "  On  the  way  liither  we  remarked 
a  stretch  of  ground  composed  of  coai-se  diy  gramte  sand.  The  low  but 
verf  pleasing  wood  covering  it  resemblec3,  in  its  shining  green,  stiff  foliage, 
onr  laniel  wooilB,  but,  as  a  foten  of  the  tropical  climate,  it  was  charac- 
terized hy  the  mnltiplieity  of  the  flower-forms."  The  same  authors  men- 
tion the  following  plants  as  occmring  on  this  ground;  "  ScMnas  Aroeim, 
lerebintkifblia  Raddi ;  Polilana  [Langadorgia  Leandr.)  iv^rumeiUaria  Mart.; 
S/JKcia  hderanthem  Leandr. ;  Bj/rsoni'nia  aitidissima  Humb. ;  Sapmm  ilicifdium 
W. ;  Alsnde/i  Phfidphoi-a  Mart. ;  Petroea  Toceinosa  Nees ;  Sdena  ip^indifoVa ; 
SenaiiiB,  Paalinia,  sp.,  &c"    (Spix  and  Martius,  Sdse,  Vol.  I.  p.  181.) 
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lated,  tJie  vegetation  assumes  tJie  dignity  of  a  forest  growth. 
Presently  we  come  upon  some  low  hillocks,  very  rounded  in 
their  outline,  which  stand  like  islands  in  the  sand-plain. 
Some  of  these  are  cut  through  by  the  railway,  and  we 
see  that  they  are  isolated  and  denuded  outliers  of  a  for- 
mation underlying  the  sands.  Rising  above  the  general 
level  of  the  sands,  they  (we  bathed  by  them  round  about, 
like  islands.  Some  of  these  hillocks  are  composed  of  a  bed 
of  white  or  reddish  arenaceous  clay,  obscurely  stratified, 
like  a  kaolin  mixed  with  sand,  with  an  occasional  quartz 
pebble,  and  irregularly  tinged  by  yellow  or  red  ferric  oxide. 
Over  tlie  evenly  rounded  surface  of  this  clay  is  spread  a 
thin  sheet  of  quartz  pebbles,  generally  well  rounded,  fol- 
lowing all  the  sinuosities  of  the  surface  on  which  it  lies, 
tliough  the  bed  varies  much  in  thickness.  Over  this  pebble 
sheet  is  a  concentric  coat  se^eial  feet  thick,  of  i  perfcctlj 
structm'eless,  arenaceous  clay,  con-ii-itmg  of  decomposed 
feldsijar  and  fragments  of  quai-tz,  deeply  coloied  by  feiin, 
oxide,  and  resembling  the  unwibhed  and  unassorted  pio- 
duct  which  would  result  fiom  tlie  mechanical  tiituiation  of 
decomposed  gneiss,  with  a  mixture  of  tlie  clayb  just  de- 
scribed. All  tlie  hillocks  were  coveted  by  the  same  ma 
terial.  At  Porto  daa  Caixig  we  rise  by  a  steep  incline 
some  thirty  feet,  more  or  less  (I  In^e  no  nato  of  tl  o  exut 
height),  to  a  level  phin  uf  laige  extent  Cuttings  it 
the  railroad  d^p6t  show  tint  it  11  composed  of  a  hoii/  ntal 
deposit  of  the  same  tinted  sandy  clajs  we  found  occupying 
the  centre  of  the  hillocks  just  de^icnbed,  and  that  it  is  over 
laid  by  a  thick  bed  of  structureless  red  clay,  separated  from 
the  underlying  deposit  by  a  layer  of  quartz  pebbles.  Taking 
the  train,  we  go  westward  over  this  plain  some  ten  miles,* 

*  Being  unfurnished  with  n  rdi;ihlc  map,  I  can  only  give  tlistanc&j  ap- 
proxirnately. 
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Part  of  it  is  dry  and  sparsely  wooded,  but  there  arc  large 
areas  occupied  by  swamps,  in  which  grows  a  more  or 
less  luxuriant  swamp  vegetation, —  a  dismal  scene,  present- 
ing sickly-looking  trees  loaded  witli  orchids,  ferns,  and 
other  pai'asites,  and  draped  heavily  with  a  species  of  Til- 
kmdsia.  By  and  by  we  reach  the  end  of  a  spur  from  tire 
Serra  do  Morro  Queimado,  and,  skirting  the  western  base  of 
the  hills,  gradually  ascend,  passing  from  the  plain  to  tlie 
gneiss  valley  of  tlie  Rio  Macacd,  and,  at  the  present  ter- 
minus of  the  raih'oad  at  Cachoeiras,  find  ourselves  in  a 
nan-ow  valley,  among  gneiss  hills,  at  the  foot  of  the  Sen-a 
do  Mori'O  Queimado,  an  eastwai'd  continuation  of  the  Serra 
dos  Orgaos.  The  gneiss  here  is  of  the  same  general 
character  as  that  at  Rio.  An  observation  by  the  river- 
side, near  the  residence  of  Mr.  Williams,  tlie  superin- 
tendent of  the  railroad,  g'ave  the  sti'ike  N.  70-'  E.  The 
dip  was  vertical.     Garnets  were  very  abundant. 

On  examining  the  soil,  whetlier  high  up  on  the  slopes,  in 
the  hills,  or  elsewhere  in  the  nmnerous  cuttings  of  the  roads, 
&c.,  the  rock  is  seen  to  be  covered  by  the  same  I'ed  clay 
that  we  have  observed  forming  the  surface-coating  of  the 
plain  at  Porto  das  Caixas  ;  and  only  a  superficial  examina- 
tion of  the  intervening  country  is  necessary  to  sliow  tliat 
tlie  same  red  clay  covers,  not  only  the  clay  hillocks  of  tlie 
railway  extension  and  tlie  plains  described,  but  the  hills  also, 
descending  everywhere  to  the  level  of  tlie  sand-plain.  In 
addition,  it  is  to  be  seen  frequently  underlaid  by  an  irregu- 
lar slieet  of  quai'tz  pebbles,  and  it  veiy  often  contains  an- 
gular fragments  of  quartz  and  sometimes  masses  of  gneiss, 
though  these  last  are  rare.  It  is  absolutely  structureless, 
and,  much  as  it  may  resemble  the  stratified  clays  above  de- 
scribed, or  soft,  decomposed  gneiss,  it  needs  only  a  very  short 
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experience  to  enable  one  to  distinguish  from  a  hand  specimen 
whether  it  he  one  or  the  other.  Generally  tliis  structure- 
less clay  is  deep  red ;  but  on  the  surface  it  is  often  more 
or  less  yellowish.  The  following  ideal  section  illustrates 
the  geology  of  tlie  country  between  tlie  Bay  of  Rio  and  tlie 
Serra  do  Morro  Queimado,  along  the  route  over  which  we 
have  travelled. 


b.  Stritlified clays,  Tertiary.     (Drift,  Agnssiz  ) 

c.  Drift. 

d.  Eiiiseateaclies-witlireeeiit  shells. 

e.  Modem  mud  deposit. 
/.  Buy  of  EIo. 

This  section  tells  a  Tery  clear  story.  Late  in  the  tertiary 
period,  long  after  tlie  hills  of  Eio  were  upheaved,  and  when 
the  country  stood  at  a  slightly  lower  level,  the  stratified 
clays  which  I  have  described  were  deposited  over  tlie 
whole  area  of  the  basin  of  the  Bay  of  Bio,  and  the  adjoin- 
ing flat  coxintry.  These  were  afterward  upheaved,  most 
probably,  as  I  shall  attempt  to  show  hereafter,  to  a  much 
greater  height  than  at  present,  and  subjected  to  denudation 
by  water  and  glacial  action.  Owing  to  tlie  shape  of  the  basin 
and  the  great  number  of  streams  flowing  into  it,  as  well  as 
to  the  fact  that  it  must  have  been  the  focal  point  toward 
which  tlie  glaciers  of  the  encircling  hills  converged,  it  is  not 
to  Ije  wondered  at  that,  along  this  part  of  the  coast,  the  clays 
have  been  so  completely  deimded  and  swept  away,  leaving 
only  small  patches  fringing  the  shores  in  certain  somewhat 
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sheltered  positions.  It  seems  an  argnmeiit  in  favor  of  the 
prevalence  of  glacial  action  in  the  region,  that  tlie  denudation 
is  so  complete ,  else  we  should  have  expected  to  find  the  sheet 
largely  cut  tliroiigh  by  valleys,  leaving  more  numerous  outly- 
ing masses.  As  to  the  age  of  these  clays,  more  hereafter.  I 
have  referred  them  to  tlie  Tertiary,  though  Professor  Agassiz 
is  inclined  to  regard  them  aa  drift.  The  supei'ficial  red 
clay  deposit  I  believe,  with  Professor  Agassiz,  to  be  drift. 
The  stratified  sands  were  deposited  in  shallow  water  when 
the  eea  stood  only  a  few  feet  liigher  than  at  present,  and 
tliey  have  been  elevated  by  a  recent  rise  of  the  coast,  —  a 
rise  which  I  believe  to  be  still  going  on.  The  recent  muds, 
now  accumulatuig  from  sediment  brought  down  by  the 
streams,  fonn  a  marshy  fringe  outside  tlie  raised  beaches. 
Ha\-ing  introduced  the  reader  to  the  general  geological 
and  topogi-aphical  features  of  tlie  vicinity  of  Eio  de  Janeiro, 
let  us  now  examine  somewhat  closely  tlie  drift  phenomena 
observable  there.  In  tlie  following  remarks  I  have  pur- 
posely confined  myself  to  the  results  of  my  own  personal 
observations  made  during  extended  excursions  over  the 
country  near  Bio,  and  a  detailed  examination  of  every 
cutting  on  the  Dom  Pedro  II.  Railroad,  from  the  Great 
Tumiel  to  Ypiranga,  on  tlie  results  of  which  survey  I  have 
made  a  long  report  to  Professor  Agassiz,  In  connection 
with  tliis  subject  we  will  take  into  consideration  some 
of  the  topographical  elements  so  remarkable  in  the  hills 
of  Eio  and  the  Serra  do  Mar.  If  we  examine  the 
gneiss  hills  at  Eio  de  Janeiro  and  the  vichiity,  we 
find  that  they  are  invariably  covered,  where  the  slopes 
are  not  too  steep,  by  the  same  coat  of  red  soil  which 
we  liave  observed  on  the  Cantagallo  Railroad.  This 
may  vary  more  or  less   in   the  coarseness  or  fineness  of 
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its  ingredients,  but  it  invariably  presents  eveiywhere  tbo 
same  general  character  of  a  sheet  of  structureless,  unar- 
raiiged  material,  composed  of  gi-ound-up  gneiss,  perfectly 
devoid  of  stratification,  and  always  of  a  deep  red  color  pass- 
ing into  yellow  near  the  surface,  especially  whei'e  tlie 
material  is  sandy  and  light.  There  is  rai'ely  any  humus, 
because  the  decay  of  vegetable  matter  is  too  rapid  to  allow 
of  its  accumulating  as  a  soil,  as  in  northeni  countries.  This 
clay  sheet  varies  iu  thickness  from  a  few  feet  to  one  hmi- 
dred ;  sometimes  it  is  stiff  and  bakes  very  hard,  in  other 
cases  it  is  more  sandy  and  light.  Usually  it  is  quite  free 
from  admixture  mth  boulders,  but  sometimes  ang-uiar  frag- 
ments of  quartz  of  considerable  size  occur  in  it,  togetlier  with 
rounded  or  angular  masses  of  gneiss  or  diorite.  The  latter 
rocks  ai'e  almost  always  in  a  decomposed  state,  and,  except 
to  the  experienced  eye,  ai'C  recognizable  only  in  fi'esh  cut- 
tings. Under  tliis  clay  one  sometimes  finds,  as  in  the  cut- 
tings at  Tijuea,  a  thin  layer  of  quartz  pebbles  like  that  seen 
on  the  Cantagallo  Railroad,  but  this  is  not  always  present. 
The  surface  of  tlie  gneiss  on  which  the  drift  rests  is  always 
tuoutonnSe  and  remarkably  evenly  roimded  down,  and  the 
sheet  of  quai-tz  pebbles  lies  immediately  upon  it,  following 
all  its  curves ;  but  the  pebble  sheet  may  be  wanting  over 
large  areas,  or  vary  very  suddenly  and  in-egularly  in  thick- 
ness. The  gneiss  in  sU&  is  almost  invariably  decomposed 
beneatli  the  drift  to  a  deptli  varying  from  a  few  inches  to 
one  hundred  feet.  The  feldspar  has  been  converted  into 
clay,  tlae  mica  has  parted  with  its  iron,  &c.,  but  the  altered 
ciystals  of  the  gneiss  still  occupy  their  relative  position 
with  reference  to  one  another.  The  planes  of  stratification 
are  well  marked,  and  tlie  veins  of  quartz,  though  cracked 
up,  remain  in  place. 
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Tliis  extraordinary  decomposition  of  the  Brazilian  gneiss 
and  otlier  rocka  has  long  atti'acted  attention,  and  Danvhi 
lias  described  it  very  accurately  in  his  Geological  Obsei-va- 
tions.  He  was  of  the  opinion  tliat  it  had  taken  place  under 
the  sea  before  the  present  valleys  had  been  excavated.*  Pis- 
sis  also  described  it ;  but  it  api^eara  to  me  that  he  has  greatly 
over-estiniated  the  depth  to  ivhich  tlie  softening  of  the  rocks 
has  extended,  when  he  says  tliat,  in  the  gneiss  region  between 
SSo  Fldelis  and  the  SeiTa  dos  OrgSoe,  the  gneiss  has  been 
decomposed  to  a  depth,  in  some  places,  of  300  metres !  !  f 

This  decomposition  results,  in  my  opinion,  from  the  ac- 
tion of  the  warm  rain-water  soaking  through  tlie  rock,  and 
carrying  witli  it  carbonic  acid,  derived  not  only  from  the 
air,  but  from  the  vegetation  decaying  upon  the  soil,  together 
with  organic  acids,  nitrate  of  ammonia,  &c.  I  believe  that 
tlie  remarkable  decomposition  of  the  roclta  in  Brazil  has 
taken  place  only  in  regions  anciently,  or  at  present,  covered 
by  forest.  Heusser  and  Claraz  have  suggested  tliat  it  is 
aided  by  nitric  acid.  They  say :  "  It  is,  witliout  doubt,  de- 
termined by  the  violence  and  frequency  of  the  tropical  rains, 
and  by  the  dissolving  action  of  water,  which  increases  with 
the  temperature.  It  is  necessary  to  observe,  moreover,  that 
this  water  contains  some  nitric  acid,  on  account  of  the  thun- 
der-storms which  follow  each  other  with  great  regularity 
during  many  months  of  the  year."  ^ 

Professor  Agassiz  has  discussed  this  subject  at  some 

»  Darwin,  Geological  Observations,  p.  144. 

t  Pisais,  Mdhi.  de  VInst.  de  France,  Tom.  X  p.  35S.  It  is  well  to  remember 
tliat,  before  the  glaeifll  origin  of  the  clnys  overlying  the  deeoraposed  rock  was 
pointed  out  by  Professor  Agasaia,  the  tMcknesa  of  these  clays  was  included 
in  the  estimate  of  the  depth  to  which  the  decomposition  had  talten  place. 

t  MM.  Ch.  Ileiiaaer  and  G.  Claras,  Ann.  des  Mines,  5-'  S&ie,  MiJni.,  Tom, 
XVn.  p.  291. 
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length  in  the  Journey  in  Brazil,  his  opinion  being  tliat  tlic 
softening  of  tlie  rock  is  duo  to  the  action  of  warm  rain-water. 
It  his  1  ten  ol  jected  to  this  theoiy  that  the  t-tone  employed 
in  Bnzil  fi.1  luilding  purpobes  enluies  icnnrkilly  well 
showiig  aftei  the  Ii]aPof  <.entvni  s  ■\eiy  little  chduge 
This  aij,uuient  m  my  O]  mion  is  of  a  e  y  littl  wei^l  t  for 
a  smooth  niked  <iuiface  tiom  which  the  watei  luus  oft 
ripidiy  TJil  which  IS  the  gieater  jaitof  tlie  time  diy  is 
jla(el  undci  conditions  ^ery  difEeient  from  those  ot  the 
gneiss  o-verspreid  ly  a  thick  coiting  of  wet  li  ft  jaste, 
and  constantly  sotLed  with  watei 

Biozil  lb  not  the  only  ountry  m  wl  ch  tl  c  id  1  s  1 1  e 
softened  to  a  ^reat  deptli  The  siine  iheiiomenon  hib  been 
obseiTed  m  the  boutlieni  Stateb  ( f  tlie  Union  in  1  in  ludii  * 
I  h\-ve  seen  gneiis  decompo'^ed  to  i  depth  of  e\eial  fe  t  m 
the  Ticinity  of  New  York. 

When  the  gneiss  is  fine-grained,  homogeneous,  and  not 
distinctly  stratified,  it  is  often  difficult  to  distinguish  the 
rock  decomposed  in  sU^  from  the  drift ;  but  the  line  of 
demarcation  between  the  two,  even  when  not  marked  by 
the  pebble  sheet,  is  usually  easily  disthiguishable  even  in 
old  cuttings,  Tlie  slope  of  a  railway  cuttuig  is  apt  to  gully 
out  along  the  line  of  jmiction  of  the  drift  and  the  underly- 
ing decomposed  roekl  Tliis  line  is  invariably  gently  undu- 
lating, and  one  never  sees  jagged  edges  of  strata  or  angiilar 
masses  projecting  upward  into  the  drift. 

Professor  Agassiz  has  spoken  of  the  valley  of  Tijuca  below 
Bennett's  as  a  locality  where  tlie  drift  is  very  beantifiilly 
exhibited.  The  momitain  mass  of  Tijuca  is  separated  from 
the  mass  of  the  Corcovado  group  by  tlie  pass  of  Boa  Vista, 

*  Dr.  Benza  eaye  that  in  the  Neelghervies  granite  is  Eometimes  decomposed 
to  a  depth  of  forty  feet.    (Madeas  Journal  of  Literature,  &c.,  Oct.  1836,  p.  246.) 
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ivliicli  is  about  1,000  feet  above  tlie  sea.  Eastward  runs 
the  valley  of  Andaraliy  downward  towai'd  the  city,  while 
to  the  westward  one  descends  a  most  romantic  valley  to 
a  great  alluvial  plain,  in  a  sort  of  bay  or  amphitheati'e 
among  tlie  hills.  This  valley,  occupied  by  a  tumbling 
mountain  stream,  descends  very  rapidly,  endmg  abiniptly 
below  tlie  Cascate  Grande  at  some  height  above  tlie  plain. 


■^  : 


>i  i»  vb' 


Sf 


Mmor  ■^  alloys  from  Ti]uea  and  the  mountains  to  the 
south  de<;cend  and  join  this  valley  At  Bonnptt's  the  drift 
clay  18  full  of  bouldeis  of  quartz,  gneiss,  and  gieenstone. 
If  we  ascend  tlie  brook  which  flows  thiougli  Mi  Bennett's 
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fazenda  for  a  few  rods,  we  shall  find  that  it  has  cut  its  bed 
through  the  general  clay  sheet  which  everywhere  covers 
the  hills,  and  it  is  perfectly  easy  to  see  that  tliis  sheet  is  in 
no  place  a  deposit  thrown  down  by  the  brook.  This  loose 
material  consists  of  a  brownish  or  reddish  eai'tli  without  the 
slightest  signs  of  stratification,  in  wliich  are  buried  boulders 
of  gneiss,  usually  rounded  and  of  many  qualities,  together 
with  rounded  masses  of  quartz. 


At  c  is  a  very  large  boulder  of  homogeneous,  milaminated, 
fine-grained  gneiss,  from  around  wliich  tlie  drift  has  been 
washed  away,  and  this  rests  on  a  mass,  in  siU,  of  gneiss 
coarsely  crystallized  (porpliyiitic)  and  well  laminated.  At 
e  we  see  Wie  gneiss  in  sit'A,  much  decomposed,  and  laid  bare 
in  a  cutting. 

The  solid  gneiss  beds  are  well  seen  in  the  bed  of  the 
brook,  and  the  rock  is  generally  quite  coarse  and  porphyritic 
in  structure.  I  find  a  note  of  a  strike  N.  55°  W.,  which,  from 
the  generally  uniform  northeastward  strike  seen  elsewhere, 
might  be  suspected  to  be  an  incorrect  observation  ;  but  at 
the  bridge,  a  little  farther  down  the  brook,  I  found  the 
strike  to  be  N.  10'  W.  If  we  foUow  down  the  valley  we 
shall  find  the  soil  full  of  boulders,  and  some  of  these  arc 
many  feet  in  diameter. 

As  we  descend  the  valley  still  further  these  boulders  are 
seen  lying  bare,  not  only  in  the  brook  where  the  water  has 
I  away  tlie  loose  material,  but  on  Oie  hillsides.     I 
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think  tliat  no  geologist  familiar  witli  drift  phenomena,  who 
should  suddenly  find  himself  in  this  valley,  would  have  even 
the  slightest  suspicion  of  tlieir  being  anytliing  else  than  tlie 
most  ample  testimony  of  the  former  prevalence  of  glacial 
action  over  the  region ;  yet,  in  the  beginning  of  his  drift 
studies  in  Brazil,  he  is  almost  sure  to  commit  some 
gross  blunders,  for  it  is  not  even  a  genei-al  I'ule  that  the 
loose  boulders  found  on  tlie  surface  are  erratics.  On  my 
first  visit  to  Tijuca,  very  soon  after  my  arrival  in  Brazil,  and 
after  Professor  Agassiz  had  announced  the  discovery  of 
drift  at  Bio,  I  was  struck  witli  the  appeai-ance  of  some 
trap  masses  on  a  hillside  near  Bennett's,  which  looked  re- 
markably like  erratics  ;  but  a  close  study  of  them  satisfied 
me  that  they  resulted  from  the  surface  decomposition  of 
a  great  trap  dyke.  Not  descending  fai"  enough  into  the 
valley,  and  satisfying  myself  tliat  a  great  proportion  of  the 
gneiss  masses  that  I  examined  at  the  time  were  not  erratics, 
I  came  most  decidedly  to  the  conclusion  that  the  surface 
deposits  of  Rio  were  not  drift,  but  were  in  some  way  due  to 
the  decomposition  of  the  rock,  as  had  been  heretofore  sup- 
posed. I  desire  to  record  here  flie  fact,  that  I  began  my 
studies  of  the  Brazilian  drift  witli  a  conviction  tliat  Pro- 
fessor Agassiz  was  wrong,  and  I  feel  much  gratified  that 
my  independent  observations  have  so  fully  confirmed  the 
results  of  his  own.  If  one  descends  tlie  valley  towards  tlie 
Cascate  Grande,  he  will  see  that  the  valley  is  heaped  with  a 
confusion  of  immense  bouWera  tiimbled  one  upon  another  ; 
masses  of  greenstone,  weighing  hundreds  of  tons,  piled  up 
with  those  of  gneiss  of  all  qualities.  Where  these  are  bare 
they  are  always  rounded,  as  is  seen  in  the  engraving,  but  I 
believe  that  this  is  referable,  to  a  very  large  extent,  to  a 
concentric  and   even   decomposition  of   tiie  surface  ;    but 
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there  is  no  resisting  the  conclusion  that  we  have  here  a 
moraiiiic  deposit  from  a  glacier  which  anciently  occupied  the 
Talley.  The  above  woodcut  is  from  a  stereograph  published 
by  Leuzinger  at  Eio,  and  represents  the  boulder  masses  above 
the  Cascate  Grande.  Descending  to  the  plain  below  the 
Caseate,  which  is  also  seen  in  the  woodcut,  one  traces  the 
drift  clays  and  boulders  quite  down  to  the  plain,  when  they 
end  abruptly,  and  the  flat  lands  are  seen  to  be  of  alluvial 
origin  restiiig  on  sea  sands,  of  the  same  age  as  tlie  sands  of 
Paquetfl  and  the  Cantagallo  Railroad  extension.  One  can- 
not find  in  the  plain,  nor  did  I  ever  see  anywhere  on  the 
beach  sands,  either  drift  clays  or  boulders. 
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Retni'iiing  to  the  Dom  Pedro  II.  Eailroadj  we  may  trace 
the  drift  sheet  everywhere  from  Belem  to  tlie  Barra  do 
Piraliy,  over  tlie  whole  Serra  do  Mar ;  and  one  may  here 
study  its  structure  in  the  most  detailed  way.  From  Belem 
to  the  Parahyba  River  the  same  red  clay  entirely  covers 
the  surface,  lying  even  on  very  high  slopes.  Nowliere  is 
there  the  aliglitest  sign  of  stratification,  and  it  is  sharply 
defined  from  the  alluvial  deposits  of  the  river.  Tlie  same 
pebble  sheet  is  seen  almost  everywhere,  though  in  cutting 
after  cutting  it  may  sometimes  be  wanting.  Boulders  are 
rare,  and  are  almost  invariably  so  decomposed  as  to  be 
seen  only  in  fresh  cuttings.  Tlie  rock  on  which  the  drift 
rests  is  always  smoothly  and  evenly  rounded  down.  The 
following  diagram  will  illustrate  the  structure  of  one  of 
the  gneiss  hillocks  of  the  Serra  do  Mar, 


a  a.  Drift  olay. 

//.  Angular  ftagments  of  quartz. 

b  b.  PebWe  sheet  lying  on  yonnded  surface  of  gneiss. 

dd.  Gneiss  in  siiM,  but  decomposefl. 

e  «,  Gneiss  undecomposed. 

gg.  Quartz  and  granite  veins  traversing  both  solid  and  decomposed  gneiss. 

Among   the   first   elements   in   tlie    Brazilian   mountaui 
scenery   which   attract  the   attention   of  the   observer   on 
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approaching  the  coast  near  Rio  are  the  bare  rock  slopes 
which,  instead  of  forming  ragged  precipices,  as  in  northern 
latitudes,  are  most  remarkably  smooth,  and  devoid  of  irregu- 
larities ;  aiid  these  surfaces,  where  the  rock  is  homogeneous 
in  texture,  usually  have  a  high  slope,  and  frequently  de- 
scend and  dip  beneath  the  sea  level,  the  sea  washing  over 
their  even  faces.*  Sometimes  the  top  of  a  hill  is  bare, 
evenly  moulded,  and  round,  or  a  rounded  boss  projects 
from  the  side  of  a  hill.  These  smooth  cliffs  and  rock-slopes 
are  heavily  striped  above  the  sea  by  broad  lines  drawn  down 
their  faces,  blackened  by  a  sort  of  ciyptogamie  gTowth; 
so  that  these  slopes,  of  a  rich,  ratlier  purplish,  black  tint, 
show  very  sti-angely,  especially  when  set  into  the  mantle  of 
verdure  which  covers  the  hills.  Of  this  character  are  the 
bare  mass  of  the  Sugar-loaf,  tlie  precipices  of  tlie  Corcovado, 
and  the  steep  slopes  of  hmidreds  of  hills  in  tlie  vicinity. 
Approaching  nearer  to  one  of  these  slopes,  we  find  that  its 
surface  is  often  scored  by  a  system  of  httle  rain-courses, 
and  is  covered  by  cactuses  and  biroraeliaceous  plants. 

The  Pedra  Bonita  is  a  bare  mass  of  rock  opposite  tlie 
Ga\"ia,  but  not  so  high.  It  is  partly  surrounded  by  almost 
vertical  slopes,  and  on  top,  over  a  large  area,  is  bai-e  and 
rounded  off.  Here,  though  one  may  observe  the  same 
thing  elsewhere,  the  way  in  which  this  rounding  and 
smoothing  down  of  the  rock  is  produced  may  be  studied, 
and  one  is  soon  forced  to  believe,  that,  whatever  tlie  gla- 
ciers  may  have   contributed  to  the   shaping  of  the  topo- 

*  These  evenly  lounded,  ware-washed  roci  slopes  are  yery  interesting,  and 
have  already  been  called  attention  to  by  Darwin  (Geological  Observations,  p. 
144).  Such  slopes  may  be  seen  not  only  on  tlie  shores  of  the  quiet  bays,  but 
exposed  to  the  full  waab  of  tbe  Atlantic  waves,  as  at  the  mouth  of  the  Bay  of 
Hio  Hnd  elsewhere.  In  describing,  farther  on,  the  Bay  of  Eepiril^  Santo,  I  shall 
show  how  these  wave-wa&hed  slopes  originate. 
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grapliical  features  of  the  couiiti>,  tlie  general  moulding  of 
the  hills  has  heen  due  pnraanly  to  subaerial  denudation. 
The  gneiss  of  the  Pedra  Eonita  is  decomposing.  Where  tlie 
rock  is  level  the  decomposed  feldspar,  &c.  has  heen  washed 
away  by  the  rain,  and  we  have  the  rock  covered  by  a  thin 
coating  of  loose  quartz  grains,  which  I  hai'dly  need  say  are 
angular.  Where  there  la  a  decided  slope,  tlie  loose  sand  is 
washed  or  blown  away.  The  rock  itself  is  much  softened 
on  the  surface,  and,  to  a  considerable  depth,  the  feldspai- 
has  been  more  or  less  altered.  This  semi-decomposed  layer 
forms  a  concentric  coat  over  the  whole  rock.  Sometimes 
this  ia  continuous  and  unbroken,  but  if  the  area  exposed  be 
large,  we  usually  find  tiiat  there  is  a  tendency  for  it  to  sep- 
arate itself  from  the  undecomposed  rock  below,  and  to 
crack  up.  Sometimes  this  layer  is  only  a  few  inches  in 
thickness,  in  othei-s  it  may  be  several  feet.  When  the 
surface  is  horizontal,  or  nearly  so,  the  tendency  is  for  it 
to  break  up  finally  into  small  angular  pieces,  which,  wasting 
away  and  rounding  down  by  decomposition,  cover  the  rock 
with  loose,  boulder-like  masses,  or  are  entirely  removed, 
leaving  a  smooth,  unencumbered  surface.  If  the  slope  be 
very  steep  or  vertical,  the  decomposed  mass  may  fall  or  slide 
off.  On  very  steep  slopes,  as  those  of  tlie  Sugar-loaf,  Oor- 
covado,  Morro  de  Santa  Theresa,  and  elsewhere,  tliis  sheet 
scales  off  and  falls,  breaking  up  below.  The  Bi-azilian  gneiss 
cliffs  rarely  have  a  talus  of  broken  fragments  at  their  base. 
The  decomposition  going  on  evenly  all  over  tlieu'  face  gives 
only  sand  and  clay,  washed  down  by  tlie  rains  and  distrib- 
uted over  the  earthy  slope  below,  and  tlie  half-decomposed 
fragments  soften  and  finally  decompose  entirely.  One  must 
be  very  careful  in  examining  a  cutting  that  nms  under  a  high 
cliff,  for  tlie  earth  resulting  from  the  decomposition  of  tlie 
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face  of  the  cliff  resembles  more  or  less  the  driitearth  spread 
over  the  surface  of  the  ground.  Oftentimea  a  mass  of 
half-decomposed  rock  separates  itself  from  the  face  of  the 
cliff  in  a  great  lenticular  sheet.  This  may  crack  across 
horiaontally,  particularly  if  the  plane  of  stratification  cuts 
the  surface  of  the  cliff  in  tliis  way,  and  tlie  lower  half  may 
drop  off,  leaving  an  oTerhanging  portion  attached  to  tlie 
cliff.  One  may  observe  hanging  masses  of  this  kind  at- 
tached to  the  precipice  of  the  Sugar-loaf  and  Corcovado, 
and  in  innumerable  other  gneiss  localities.  If  we  exam- 
ine one  of  tlie  rounded  gneiss  hills,  —  as,  for  instance,  one 
of  those  just  behind  the  Dom  Pedi'O  II.  Hospital  at  Bota- 
fogo,  where  part  of  tlie  hUl  is  bare  and  steep,  —  looking 
at  the  hill  in  a  cross-section,  we  may  observe  tliat  the  gen- 
eral rounded  curves  of  the  drift-covered  portion  are  quite 
out  of  harmony  with  those  of  the  bare  portions,  which  are 
usually  flatter,  and  we  may  further  notice  that  the  very  steep 
slopes  or  precipices  are  usually  on  the  side  of  the  hill  away 
from  which  the  <!trata  dip  Tlub  is  tlie  case  on  botli  sides 
of  the  Botafogo  ^  alley  In  the  following  diagram  I  have 
tried  to  repi'e'^ent  the  diffeienrt,  in  moulding  between  a 
glaciated  surface  and  that  ot  one  of  these  bai'C  cliifs. 
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The  outline  of  the  drifWovered  portion  of  tlie  hill,  a  h, 
has  been  unchanged  since  tlie  drift ;  for  though  the  rock  has 
been  protected  by  tlie  drift,  the  gneiss  has  decomposed,  but 
has  remained  in  sit-d.  Over  the  face,  b  c,  the  decomposi- 
tion has  gone  on  also ;  but  since  tlie  slope  has  not  been 
protected,  it  lias  worn  constantly  backwards,  growing  grad- 
ually more  regular  in  oiithne  as  each  new  decomposed  coat 
was  thrown  off.  If  one  will  take  the  pains  to  examine 
tlie  ciirvea  resulting  from  the  decomposition  of  bare  sur- 
faces, and  those  which  result  from  decomposition  where, 
as  under  a  drift-sheet,  tlie  decomposed  rock  remame  in  sitH, 
he  will  be  convinced  that  the  moulding  of  the  surface  of  the 
gneiss  on  which  the  drift  rests  is  of  an  altogether  different 
character  from  that  resulting  from  simple  subaerial  denu- 
dation. 

The  sands  containing  recent  shells  along  the  Bay  of  Kio, 
and  elsewhere,  and  which  rise  to  the  height  of  a  few  feet 
above  high-water  mark,  bespealt:  a  recent  elevation  of  the 
coast,  as  has  been  observed  independently  by  his  Majesty  the 
Emperor,  Dr.  Capanema,*  and  myself;  but  there  are  other 
proofs  of  the  same  upheaval  in  the  holes  excavated  by  sea^ 
urchins,  which  are  found  in  the  vicinity,  in  many  places 
many  feet  above  high-water  mark. 

Tlie  islands  of  Maricds  lie  a   few   miles   off  tlie   coast 

*  Dr.  G,  S.  de  Capnnema  Iins  written  more  or  less  on  fhe  geology  of  Bfazil. 
One  of  hia  papers  meiitioreil  by  Burton  heai's  the  title,  "  Decomposi?!!*)  dos 
Penedos  no  Brasil,"  and  was  pnblished  at  Rio  in  1866.  I  nm  very  sorry  that  I 
hfive  never  Been  any  of  the  papers  of  this  geologist,  who  has  traTelled  very  ex- 
teusiyely  over  the  Empire.  I  know  of  his  work  only  tlirough  qnotationi  or 
references.  From  a  MS.  of  M^or  Continho,  plnced  in  my  hands  by  Professor 
Agaasia,  I  shonld  infer  that  Dc,  Capanema  is  a  disbelierer  in  the  glacial  origin 
of  ihe  surface  ilepoaits  claimed  by  Professor  Agassis  and  myself  to  be  drift,  and 
that  he  ratlier  considers  thein  to  be  the  result  of  decomposilaon  alone. 
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betn^Gcn  llio  and  Cape  Frio.  Tbcy  ai'C  composed  of 
gneiss  in  beds  of  unequal  bardness,  and  a  most  excellent 
opportunity  is  afforded  for  tbe  comparison  of  glaciated 
roek  stu'faces  and  surfaces  denuded  by  snbaerial  decom- 
position, or  wave  action.  The  general  smrface  of  the  isl- 
ands is  rounded,  and  is  covered  by  drift  clay.  Some  bare 
rocks  are  evenly  rounded,  but  along  tlie  shore,  where  the 
waves  beat,  the  softer  beda  are  worn  away  more  deeply  than 
the  hard  ones,  and  tlie  surface  is  veiy  irregular.  On  tlie 
rocks  a  species  of  Ec/imometra  (£.  Michelmi  Desor),  a  sea^ 
urchin  with  moderately  long,  dark-purple  spines,  is  very  com- 
mon, living  in  a  zone  extending  downwards  from  some  dis- 
tance below  high-water  mark.  Here  they  are  found ,  each  in  a 
cup-shaped  depression  worn  in  the  rock,  and  in  some  places 
the  rock  is  fairly  honeycombed  on  the  surface  by  tlieir 
"nests."  Above  the  zone  of  living  sea-urchins  the  nests 
are  found,  but  tliey  are  empty,  and  in  protected  localities, 
as,  for  instance,  in  narrow  openings  between  rocks,  they 
may  be  observed  to  extend  to  a  height  of  several  feet  above 
high-water  level,  showing  tliat  the  elevation  of  tlie  coast  has 
been  very  recent.  I  have  obsei-ved  that  tlie  nests  appear 
less  and  less  well  preserved  the  higher  we  examine  them, 
which  has  convinced  me  that  the  upheaval  has  been  a 
gradual  one,  and  I  believe  that  it  is  still  in  progress. 

Tlie  coast  between  Eio  and  Cape  Frio  is,  for  a  large  part, 
high  and  exceedingly  picturesque.  Many  of  the  hUls  are 
bare  and  strangely  shaped.  The  following  sketch  represents 
the  coast  as  seen  from  near  tlie  island  of  Maiie^.  To  tlie 
left  are  the  hills  of  Rio. 

Long  sear-beaches  stretching  aoi-oss  bays  formed  by  tlio 
hills  have  formed  lagoons  along  this  coast,  and  the  low 
grounds    between    the    mouth   of  Bio    and    Ponta   Negra 
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are  laigely  occupied  i  y  «wamps  and  lagjuna  Ot  the  litttr 
the  most  n  table  is  the  Lag  a  de  Maiici  ■whit.h  i&  t  me  six 
milts  long,  salt,  and  sepiiatedfiomthe  -iea,  like  the  Lagoade 
Freitas,  by  a  sand-beach,  through  which  the  inhabitants  are 
obliged  occasionally  to  cut,  in  order  to  give  passage  to  the 
waters  of  the  lake  dui'ing  times  of  fi.'eshets.  This  lake,  as 
well  as  tlie  others  along  this  coast,  is  extraordinarily  rich 
in  fish. 

A  sandy  shore  extends  from  west  to  east  from  Ponta 
Negi'a  to  Cape  Frio.  "  It  may  be  eight  or  ten  leagues  wide 
from  the  sea  to  the  cordilheira,  being  roughened  in  tliis  in- 
tei-val  by  several  serras,  and  occupied  in  parts  by  various 
lagfias.  All  the  flat  part  of  this  plain  is  useless  for  agricul- 
tural purposes  on  account  of  the  depth  of  tlie  sand,  and  its 
being  overflowed  a  part  of  tlie  year."  *  This  low  country  ap- 
pears to  extend  along  tlie  Rios  SSo  JoSo  and  Una  to  the 
sea  north  of  Cape  Frio. 

Lag3a  Saquarema  is  a  large  lake  lying  cast  of  Ponta  Ne- 
gra,  and  separated  from  tlie  sea,  like  the  Lag6a  Maric^,  by  a 
sand  strip.     "  It  is  tln'ee  (Portuguese)  miles  long,  and  three 

*  Diccionmio  Geograjko,  art,  MaricS.  This  vior\  is  a  mei'e  compilation, 
and  is  fall  of  inaccarades.    In  quoting  fram  it  I  have  done  so  with  mncli  care. 
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quartera  of  a  league  in  its  greatest  mdth.  It  is  salt,  full  of 
fish,  and  separated  from  the  sea  by  a  narrow  ti-act  of  sandy 
gi-ouiid.  When  tlie  adjoining  plains  begin  to  be  coYered 
by  the  floods  of  the  streams  which  empty  into  it,  the  inhab- 
itants of  tlie  vicinity  open  an  outlet  to  the  ocean  at  the 
eastern  extremity,  -which  remains  an  uufordable  riYer  durmg 
tlie  winter,  at  the  end  of  which  the  surf  closes  it  up."  * 

Lag6a  Araruama  is  a  narrow  sti-ip  of  salt  water  about 
twenty  miles  long,  and  with  a  vmying  width,  in  some  places 
several  miles,  lying  on  the  coast  west  of  Cape  Frio,  and 
sepai-ated  from  the  sea  by  a  nai'row  strip  of  sand  tlirown 
up  by  the  wa^es.  Cazal  saysf  that  "it  empties  itself 
from  its  easteni  extremity  by  a  canal  twenty-six  hra^as 
large  at  its  moiith,  which  is  situated  at  a  distance  of  a 
league  and  a  half  north  of  Cape  Frio.  Notwithstanding 
tliat  a  number  of  streams  empty  hito  it,  its  waters  are  salted 
by  the  communication  which  they  have  witli  the  ocean. 
The  tide  makes  itself  felt  as  far  as  Ponta  Grossa,  which  is 
situated  at  about  its  middle.  Thence  westward  the  waters 
go  with  tlie  winds.  It  abounds  in  fish  of  various  kinds. 
In  some  pai'ts  it  is  many  bra^as  in  depth,J  in  others 
one  may  wade  from  one  shore  to  the  other."  Milliet  says 
that  "  beUveen  the  sea,  the  city,  and  the  Lake  Ai'ai'auma 
are  natui-al  salines,  which  were  prohibited  by  royal  letters 
on  the  26tb  of  Februaiy,  1690,  and  18th  of  January,  1691, 
the  Portuguese  government  intending  thereby  to  favor  the 

*  CorogmHa  BrwdUca,  Tom.  II.  p.  38.  This  oM  work  by  Csaal,  pubjished  m 
1S18,  is  very  much  more  reliable  than  the  Diceioiinrio  Geografico. 

t  Comgrafia  Braxiliea,  Tom.  It.  p.  38. 

t  Prinz  Max.  zn  Neu-Wied,  Beise  nach  BrasHim,  1°'  Bimil,  85"  Seite.  "  Wir 
fanden  das  Wasser  der  Lagfin  vou  geriiigor  Tiefa  imd  so  klar,  daa^  ivir 
den  weisaen  Snudboden  dea  Grundes  mit  sdnen  Korallraigewiichsen  deutlich 
wabniulimuil  lionutcii ;  bei  der  gerhigeii  Ticfe  sassen  wir  oft  fust," 
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commerce  of  salt  of  its  own  Euroijeaii  possessions.  Not- 
witlistaiiding  the  royal  decrees,  Domiiigos  da  Silva  Uibeiro, 
judge-jn-oi'dinary  of  this  city,  ordered,  in  1768,  that  the 
comnnmication  between  Lake  Araruama  and  tlie  salines  of 
Ma^abamha  be  closed,  and  in  the  following  year  the  above 
salines  furnished  in  six  months  50,000  alqueires  of  salt." 

Oape  Frio  is  the  name  given  to  the  southernmost  point  of 
a  high,  precipitous  gneiss  island,  situated  at  the  angle  where 
the  coast  line,  coming  eastward  from  Rio,  bends  northward 
toward  Oape  SSo  Thom^.  It  is  only  about  three  mileb  long, 
very  irregular"  in  outline,  and  is  almost  divided  into  two 
parts.  The  northern  is,  according  to  Mouchez,  394  meties 
in  altitude.     A  lighthouse  was  eitittd  un  this  punt,  but  it 


pioTed  to  be  at  too  grtit  a  height,  1  Ping  above  the  level  of 
ttie  clouds,  so  thit  it  hid  to  ie  abandoned.  Tlie  present 
lighthouse  1"^  situated  at  i  lowei  level  on  the  soutliem  point. 
The  i&Und  is  aepaiited  from  tlie  main-land  by  a  narrow 
hut  lather  deep  channel  The  land  opposite  consist  of  a 
gioup  of  gneiss  hills,  foimeily  i&lindi,  which  have  been 
united  together  by  &and  beaclie=i  and  sand  plains,  which 
extend  northwcstwird,  loinins^  the  beach  of  Macambam- 
la  oi  Mi-5iambiml}  1,  an  I  lunmi  g  northward  to  the  Rio 
Itaiuiu 
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Between  the  city  of  Cape  Frio  and  Os  Euzios  the  coast  is 
very  irregular  in  outline,  rather  low,  witli  small  gneiss  hills 
along  the  shore,  forming  occasional  rocky  promontories 
which  are  united  by  curving  sea-beaches.  I  find  in  my 
notes  the  query  whether  the  low  flat  lands  seen  from  the  sea 
may  not  be  Tertiary.  Towards  Amiagao  the  coast  is  bor- 
dered by  low  gneiss  bills,  which,  owing  to  the  nortliwest 
(landward)  dip  of  the  rocka,  and  the  correspondence  of 
their  strike  witli  the  general  trend  of  the  coast,  as  well  as 
from  the  way  in  which  they  have  been  worn  by  the  waves, 
present  to  the  sea  perpendieiilar,  rugged  cliiFs  of  no  great 
altitude.  Along  this  coast  are  quite  a  number  of  little 
rocky  islets  of  gneiss. 

At  Os  Buzios  *  the  coast  line  suddenly  bends  off  to  Uie 
nortiiwestward,  and  runs  towards  S§)o  Jo3^o,  wlien  it  curves 
round  and  sweeps  off  with  a  northeast  trend  to  Gape  Sao 
Thom6,  The  gneiss  shows  itself  on  the  shore  of  the  point 
just  east  of  the  town.  It  is  well  laminated,  much  plicated, 
and  has  a  general  low  dip  to  tlie  northwestward.  The 
gneiss  of  the  point  on  the  western  aide  of  tlie  town  has  very 
much  the  same  character.  The  gneiss  behind  the  town 
seems  to  be  overlaid  by  tertiary  clays,  which  show  tliem- 
selves  in  the  point  west  of  tlie  town ;  but  I  had  no  opportu- 
nity of  examining  them  with  much  care.  They  are  so  much 
denuded  that  they  are  not  easily  recognizable  by  topograpli- 

*  Os  Btmioa  takes  its  name  from  its  richnese  in  shells.  Among  the  spedes  I 
collected  there  were  Cassia  Madagoscoi-iemis  and  Cyproia  exantliaiia.  Woodward 
in  Ilia  Manual  says  that  no  CjpriEns  oocnv  on  the  Brazilian  coast.  Cgprim 
exanthema  is  not  at  all  rare,  and  ocoura  also  at  Baliia,  where  I  hare  found  an- 
other little  species  in  great  abundance.  SererHi  spedes  of  coi-ale  occur  at  Os 
Buaios  ;  MiUepora  ahieonda  is  CBpednlly  abnndant,  and  the  rocks  ni-e  covered 
Tfith  patches  of  the  common  PohjUioa,  together  with  a  Zvanthut  with  an  emer- 
ald disk,  common  elseivhore  on  the  coast. 
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ical  featui'es  alone.  There  is  a  small  hiU  just  east  of  the 
village  which  bears  a  httic  church.  It  is  cut  away  on  the 
shore  by  tlie  waves,  and  forms  a  little  bluff  composed  of 
rounded  quartz  pebbles  derived  fi-om  the  rocks  of  the 
vicinity,  cemented  together  loosely  by  a  soft,  greenish 
clay.  I  have  seen  nothing  lOce  it  elsewhere.  Westward 
of  Os  Buzios  is  quite  a  range  of  gneiss  hills,  lyiug  between 
the  head-waters  of  tlie  Eios  Gai-cia  and  Trapiche.  The 
shore  beyond  the  rocky  point  west  of  Os  Buzios  appears,  for 
some  distance,  to  be  tertiary,  but  there  ai'e  some  patches 
of  recent  sands.  These  deposits  appear  to  terminate  on  tlie 
shore  with  a  bright  red  cliff,  very  conspicuous  from  a 
distance,  when  the  tertiary  bluffe  recede  from  tlie  coast, 
and  a  sandy  flat,  backed  by  low  plains,  extends  on  to  the 
gneiss  hills  of  tlie  Seri'a  de  SSo  JoSo.  Thence  to  Macali^ 
much  of  the  shore  is  low,  witli  stretches  of  tertiai-y  clays, 
more  or  less  denuded,  and  gneiss  hills.  North  of  Macahi? 
the  tertiaiy  plains  soon  recede  from  the  coast  running  off  to- 
ward Campos  on  the  Eio  Parahyba  do  Sul,  the  land  border- 
ing the  coast  being  flat,  more  or  less  swampy,  and  diversified 
by  numberless  shallow  lagoons,  some  of  which  are  of  large 
extent.  Off  Macah^,  and  distant  a  few  miles  from  the 
shore,  lie  tiie  little  gneiss  islands  of  Santa  Anna,  known 
to  coasters  as  their  only  retreat,  noi'th  of  Os  Buzios,  when 
storms  or  nortlieast  winds  prevent  them  from  passuig  Cape 
SSo  Thom4.  Tliere  is  usually  a  strong  current  off  the 
Cape,  but  it  is  very  variable.  During  tlie  prevalence  of 
a  long  northeast  blow  it  runs  southward  with  such  rapidity 
that  it  is  impossible  for  coasting  vessels  to  tack  against 
it.  They  may  succeed  in  beating  up  from  the  islands 
of  Santa  Anna,  close  to  the  shore,  until  tliey  reach  the 
Cape,  but  they  are  then  swept  back.     I  was  once  nearly 
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a  fortniglit  beating  off  this  coast  during  the  prevalence  of  a 
nortiieast  breeze,  and  I  visited  tlie  islands  many  times. 
Thej  are  of  no  very  especial  interest,  but  one  may  observe 
here  tlie  seariu'chinB'  nests,  raised  above  liigh-water  mai'k, 
and  may  study  some  of  tlie  topogxaphical  features  developed 
by  decomposition  I  add  a  little  sketch  of  the  ^^  egtemmo&t 
island,  as  been  from  the  noitlieast,  to  show  the  smoothly 
rounded  character  of  its  steep  sides. 


^.  "^ 


The  feeins  alwi^-j  dothed  with  the  viigm  foiest,  sttetch 
alon^,  at  ^aijing  distances  from  the  coist,  m  a  magnificent 
lange  of  hills,  with  gteep  slopes  towaid  the  sea,  foimnnj  one 
of  the  giTudest  panoiamas  of  mountain  sceneiy  on  the 
coast  oi  Biaail  Of  the  altitudp  of  these  hillsl  have  no  pie- 
cise  infoimation,  but  I  should  estmnte  some  of  them  as  at 
least  6,100  leet  Tliere  is  one  veiy  conspicuous,  obelisk  hke 
peak,  lym^  behind  Macali^,  but  standing  somewhat  m 
advance  of  tlie  general  range  of  the  Sena,  and  called  the 
Fiade  de  Macali6  Lieutenint  Mouchez*  gi^es  its  altitude 
on  one  of  his  chattg  as  1,750  metres  (5,745  feet),  which 

*  Lieutenant  Moncliez  hai  on  his  chnrts  given  the  hdgiila  of  rariona  liilla 
along  the  coast,  but  I  flnd  no  note  as  lo  whetlier  tliey  are  tlie  results  of  actual 
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would  make  it  almost  as  high  as  the  Serra  cla  Piedade  in 
Miiias.  The  Sennas  break  down  on  reaching  tlie  valley  of 
the  Parahyha  Elver,  just  below  Sfto  Fidehs,  when,  in  de- 
tached Sen-as,  they  recede  somewhat  from  the  coast,  cross 
tlie  Mnriahi^  and  Itabapuana  rivei-s,  tying  in  with  tlie  Serras 
of  Itabapuana  and  Itap^merim,  and  forming  some  very 
pictiu'esque  mountain  scenery. 

All  the  fiat,  sandy,  and  swampy  land,  interspersed  with 
lagoons,  which  borders  tlie  Bio  Parahyba  almost  to  Campos, 
a  city  some  miles  above  its  mouth,  as  well  as  tliat  which 
stretches  soutliward  to  Macalu?,  or  thereabouts,  is  of  very  re- 
cent fonnation,  and  is  composed  principally  of  sands  and  silt 
brought  down  by  the  river.  Off  tlie  coast  of  SSo  Thom^, 
IS  -n  ell  as  foi  some  distance  noi-tliward,  tlie  water  is  very 
shallow,  and  much  diwi-oloied.  These  lands  ai'e  bordered 
!y  a  long  dieaiy  STiidbLach.*  The  country  behind  is, 
to  a  CLnsiderable  extent,  covered  by  shrubbery  and  ti-ees, 
but  theie  aie  extensne  open  plauis  where  herds  of  cattle 
^loze  Bj  means  of  a  ditch  uniting  the  lagoons,  and  dig- 
nihed  by  the  mme  of  a  canal,  water  communication  with 
Micjh^  ha''  been  opened  f  and  a  considerable  trade  is 
earned  on  between  the  t  \  o  places,  or  the  settlements  on  the 
route  1 7  means  of  canoes  Much  of  this  swampy  ground  is 
excellent  for  rice,  —  an  important  product  of  this  part  of 
tlie  country. 

Tlie  lakes  of  this  region  are  very  numerous.  They  ai'e  all 
shallow,  biit  some  are  several  leagues  in  diameter.     The 

*  Owing  to  ihe  noi-theast  trejid  of  the  Leacli  south  of  Cnpe  Frio,  irnd  the 
prevalence  of  northeest  wiuds,  tlio  waves  strike  the  beach  oMiqnelj',  and  there 
is  a  tendency  ibr  the  sands  to  move  southward.    There  are  no  tlunes  here. 

1 1  have  understood  tliatthis  canalwasflnished,  bat  Pompfo  says  that  in  1864 
it  was  only  two  thirds  cDnijiktcd, 
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largest  is  Lagoa  Feia,  an  irregular  lake  some  twenty  miles 
long,  lyin^  about  ten  miles  south  of  Campos.  Owing  to  its 
gi-eat  area  and  its  very  small  depth,  its  waters  are  kept  con- 
stantly turbid  through  their  agitation  by  the  winds.  It  re- 
ceives from  the  west  quite  a  little  stream,  the  Rio  Macabii, 
■which  rises  near  the  Sei-ra  do  Fi-ade.  This  river  is  navi- 
gable for  canoes  for  some  twenty  niiles  above  the  lake. 
Anotlier  mountain  stream  of  considerable  importance  rises 
among  the  Serras  just  noi'tli  of  tlie  Macabu,  and  uniting  in 
its  course  sevei'al  large  lakes,  also  enters  LagSa  Feia. 
This  lake  is  united  on  all  sides  witli  a  multitude  of  lagoons 
of  gi'eater  or  less  size  by  a  perfect  network  of  little  channels, 
80  that  its  waters  flow  partly  to  the  north  into  the  Para- 
hyba,  while  in  part  they  escape  into  a  system  of  long  narrow 
lagoons  tliat  sti-etch  along  just  beliind  the  beach  ridges  of 
the  shore  at  Cape  SSo  Thomi^,  and  communicate  by  channels 
across  Hie  beach  with  tlie  sea.  One  of  these  lagoons,  which 
passes  by  the  name  of  tlie  Rio  Iguassli,  is  some  fifteen  miles 
long.  It  has  evidently  been  formed  by  the  throwing  up  in 
very  recent  times,  probably  during  the  prevalence  of  some 
very  heavy  storm,  of  a  line  of  sand-beach  just  outside  of  the 
shore.  Similar  lagoons  are  foimd  elsewhere  along  the 
coast,  as  for  instance  just  south  of  Belmonte,  on  the 
Jequitinhonha,  and  I  believe  that  tlie  great  line  of  sand- 
beaches  sti'etching  along  the  coast  was  tin-own  up,  to  begin 
with,  by  an  extraordinarily  heavy  storm  which  prevailed 
along  the  whole  coast,  and  which,  in  many  instances,  where 
tlie  water  was  very  shallow,  disturbed  the  bottom  at  some 
little  distance  outside  of  the  shore  line,  tlirowing  up  a  sand 
barrier  which,  through  tlie  drifting  of  sands  by  the  winds,  as 
well  as  by  the  action  of  the  waves,  has  since  reached  its  pres- 
ent dimensions.     During  the  overflow  of  the  Parahyba  its 
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■waters  bafck  np  over  much  of  the  plain  on  both  sides  of  the 
river,  and  the  countiy  becomes  largely  submerged.  At  the 
time  of  tlie  euchente,  or  amiual  freshet,  the  inhabitants  cut 
outlets  across  tlie  sea-beaches  for  some  of  tlie  lakes  in  the 
southern  part  of  the  campos.  North  of  the  Pai-ahyba,  and 
neai'  the  city  of  Camjjos,  there  is  another  large  lake  called 
LagSa  do  Campello,  and  the  countiy  thence  northwai'd  to  the 
Guaxindiba  is  full  of  lagoons  and  cut  up  by  little  channels. 

The  Parahyba  empties  into  the  sea  by  two  raoutlis,  distant 
some  two  miles  from  one  another,  and  between  which  is  the 
Ilha  do  Lima.  The  delta  of  the  Paraliyba  projects  two  or 
three  miles  beyond  the  general  line  of  the  coast.  Tlie 
moufclis  of  the  river  are  obstructed  by  bai-s,  over  -which  the 
waves  at  times  break  fearfully,  and  an  entrance  can  ordina- 
rily be  effected  only  at  high  tide  ;  yet  small  coasting  steamers 
and  vessels  do  enter,  and  small  river  steamers,  and  some- 
times even  schooners,  ascend  as  far  as  Campos.  At  the 
mouth  on  the  south  aide  is  the  miserable  little  town  of  Sao 
Joao  da  Barra,  built  on  a  sand-bank  which  admits  of  no  cul- 
tivation whatever.  It  contains  some  two  tliousand  inhabi- 
tants, who  subsist  prineiimlly  by  fishery,  shipbuilding,  and 
commerce.  It  owes  its  importance  to  the  sole  fact  that  ves- 
sels are  often  long  delayed  either  off  the  bar  waiting  to  enter, 
or  inside  waiting  to  go  out,  and  this  keeps  up  a  little  trade. 
In  its  lower  course  the  river  is  wide  and  shallow.  Mangrove 
swamps  and  low  grounds,  sometimes  covered  witli  bushes 
and  trees,  often  waving  with  tlie  tasselly  spikes  of  the 
Vba  (Gyneriiim  parvifoliiim  Nees),  border  it  for  a  few 
miles,  but  by  and  by  tlie  banks,  which  are  composed 
of  the  richest  aUurial  clay,  gi'ow  higher,  and  thence  to 
Campos  the  beautiful  river  is  bordered  by  immense  sugar 
plantations,   and    tiie    scenery   is    enlivened    by  frequent 
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fazendaa  and  the  fabricas  with  their  tall  smoke-stacks. 
The  plains  are  covered  witli  thick  beds  of  silt,  deposited 
by  the  river  during  tlie  annual  overflows. 

The  waters  of  the  Parahyba,  as  well  as  of  all  the  moun- 
tain sti'eanis  of  the  province  flowing  tlirough  gneiss  re- 
gions, are  very  turbid  and  usually  of  a  milky  brown- 
ish tinge,  throwing  down  a  copious  sediment,  even  in  dry 
times ;  but  when  the  river  is  swollen  by  raina,  the  quan- 
tity of  silt  is  very  much  increased.  This  material,  ■whether 
derived  from  the  gneiss  rock  itself  or  from  the  drift,  consists 
cliiefly  of  decomposed  feldspar  and  mica,  and  the  water  of  tlie 
liver  is  glistening  with  the  minute  silveiy  flakes  of  the  latter 
mineral.  The  soil  deposited  by  the  river  is  very  productive 
in  sugar-cane,  and  the  region  round  about  Campos  manu- 
factures a  veiy  large  amount  of  sugar  and  rum,  tlie  former  of 
a  very  good  qualify ;  and  this  is  the  principal  product  of 
the  plains.  At  Campos  tlie  country,  tliough  flat,  is  some- 
what higher,  and  one  may  see,  from  an  inspection  of  the 
river-bank,  tliat  tlie  alluvial  deposits  are  underlaid  by 
tertiary  clays  which  have  been  more  or  less  denuded. 

Notwitlistanding  the  turbidness  of  tlie  water  of  the  Para- 
hyba,  it  is, 'when  the  sediment  has  been  deposited,  very  pot- 
able, and  maybe  preserved  for  a  long  time.  The  usual  cus- 
tom is  to  keep  the  water  in  great  eartlien  jars,  sometimes 
weeks  or  months  before  using  it. 

The  city  of  Campos  is  a  respectable  town  of  about  twenty 
thousand  *  inhabitants,  built  on  the  right  hank  of  the  river. 
Its  trade  consists  principally  in  sugar  and  coffee,  and  it  is  a 
place  of  extraordmaiy  stir.     Tlie  vicinity  is  flat  and  fertile, 

*  At  least  so  Bays  Pom[i^o  in  his  Geosraphy,  As  there  has  been  no  tegnlar 
census,  it  is  imixissible  to  give  Willi  aceui'acj"  the  number  of  inhabitants  of 
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and  largely  cultivated  for  sugar.  In  the  vicinity  of  Campos 
the  Goyabeira,  or  Guava-tree  of  the  West  Indies  (Psidium 
Gimiava,  Raddi),  is  very  largely  cultivated,  and  the  fniit  ia 
manufactured  into  a  sweetmeat  which  is  exported  in  great 
quantity  from  Campos.  There  are  extensive  low  tracts 
which  in  tlie  wet  season — in  part  for  the  whole  year — 
form  shallow  lagoons  and  marshes.  In  these  marshes,  as 
well  as  in  the  ditch,  dignified  hy  the  name  of  canal,  which 
runs  Macah4-ward,  Mr.  Copeland  and  I  collected  a  great 
abundance  of  ampuUariro,  planorhes,  &c.  The  foi-mer  I 
found  laying  in  June.  The  eggs  were  large  and  salmon-col- 
ored, and  were  attached  in  bunches  to  the  grass.  These 
swamps  are  also  nch  in  fisli,  Piabas,  Acai'as,  Trahiras,  &c. 

The  Rio  Muriah^  is  a  little  stream  entering  the  Parar 
hyba  from  tlie  north  a  short  distance  above  Campos,  tak- 
ing its  rise  in  the  province  of  Mina^j  At  its  mouth  it  is 
perhaps  400  or  600  feet  wide.  It  is  navigable  foi  a  tew  miles 
to  the  lirst  falls.  The  following  obbcivatious  weie  made 
during  an  ichthyological  excursion  up  the  r\\  er  Tlie  lands 
in  tlie  vicinity  of  tlie  mouth  of  tlie  mer  along  the  left  liank 
of  tlie  Parahyba  are  alluvial  and  flat,  so  fai  as  I  could 
see.  Two  miles  up  the  river,  near  the  fazcnda  of  tlie 
Bai'oness  of  Muriah^,  the  gromid  rises  somewh^t  ibove  its 
general  level,  is  humniocky,  diveisified  lij  immense  ant- 
hills, and  co\  ered  by  a  red  drift  soil. 

Ascending  a  little  fai'tlier,  higher  groimds  of  tlie  same 
character  are  cut  through,  and  tliey  are  seen  to  be  composed 
of  tertiaiy  clays  and  sandstones,  as  may  be  observed  in  a 
bluff  near  Jundid.  At  Pestrella  the  land  rises  to  a  height 
of  seventy  feet,  and  is  composed  below  of  a  thick  bed  of 
coarse  dark-red  sandstone,  extending  below  water-level, 
over   which   are    beds   of   whitish   and    red  sandy   clays. 
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These  hills  arc  outliers  of  the  tertiary  heds  of  the  coast, 
much  denuded  by  glacial  action,  A  large  part  of  the  lands 
bordering  flie  river  are  low,  and  above  the  fazenda  of  tlie 
Bai'ao  d'ltabapuaiia  they  consist  of  beds  of  horizontally 
stratified  sands  above,  with  ii-regiilarly  stratified  brown 
clayey  eartli  below.  In  tiiis  last  were  layera  of  a  dai-k  ma^ 
terial,  which  appeared  to  be  made  up  of  leaves.  I  may  here 
state  tliat  it  has  been  reported  tliat  coal,  or  lignite,  occurs 
in  the  vicinity  of  Campos.  I  have  seen  no  signs  of  paleozoic 
or  secondary  rocks  anywhere  in  the  province  of  Eio  do 
Janeiro,  and  at  Campos  I  could  not  learn  of  tlie  existence 
of  any  such  deposits.  The  report  may  have  originated  from 
these  recent  vegetable  deposits  on  the  Muriah^.  Gneiss 
shows  itself  at  the  fazenda  of  Piranga,  Above  the  fazenda 
of  Oiteiro  the  plains  cease,  and  the  river  winds  among  gneiss 
hills,  some  of  which  ai'e  of  considerable  altitude  ;  the  Morro 
do  Sapateu'o,  distant  a  few  miles  nortliwest  of  the  Santa  Eita, 
being  perhaps  2,000  feet  in  altitude,  while  the  Sen-a  da 
On^a,  on  tlie  opposite  side  of  tlie  river,  is  set  down  by  Mou- 
chez  as  1,400  metres  in  height. 

The  soils  of  the  liigher  lands  I  examined  on  tlie  Murialii? 
were  not  good,  but  those  of  the  lower  were.  The  principal 
product  of  the  region  is  sugar,  and  tliere  are  some  immense 
fabricas  on  the  river,  as,  for  instance,  those  of  Taepebas  * 
and  tlie  one  belongmg  to  Senhor  JoSo  Caldas  Vianna,  Jr., 
which  were  the  only  ones  we  visited. 

At  the  warehouse  of  Senhor  Amaral,  at  the  head  of  naviga- 
tion, tlie  countiy  consists  of  gneiss,  with  rather  low  rounded 
hills  bordering  tlie  river,  and  higher  ones  on  tlie  southwest. 
At  the  warehouse  I  found  the  strike  N.  65°  E.,  dip  85°  W., 

*  Thia  factory  is  woi'tcil  by  steam,  irnd  the  molasses  is  separateil  from  tha 
sugar  by  centrifugal  motion. 
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and  a  short  distance  up  the  river  at  the  fazenda  de  Santa 
Mai'ia  das  Taepebas  I  observed  a  well  laminated  gray  aiid 
fine-grained  gneisa,  with  strihe  N  60°  —62^  E  ,  dip  neai'ly 
vertical      Giineth  Tie  iihundint  m  tlit  lock  lieie 

In  "iR(,endiug  the  Paiahyha  fiom  Campos  to  Sao  Tidelis, 
the  bead  of  steam  mvigation  wo  bive  befoie  uf,  one  ol  the 
finest  pieces  of  iiver  and  mountain  sceneiy  on  tlie  coast 


Foi  ^bout  one  thud  of  the  distance  abme  Cimpos  the 
countrj  boidemig  tlie  iiiei  i&  flat  It  then  becomes  hif,her 
and  moie  uneven,  and  p.nei"'!  i^i  seen  m  the  iivei  banl  <! 
What  appears  to  be  the  hightst  point  of  tliL  '^apateiro 
range  ig  on  the  raialiyba  Rner,  on  tlie  left  bant  It  is 
a  lai^e  dome  shaped  hill  with  moic  oi  lebs  bait,,  piecipi 
tons  aides  Between  it  and  the  rnei  are  le^eial  other  quite 
prominent  hills  m  the  first  of  which  aie  quaiiies,  fiom 
whi(,h  a  Kige  pait  of  the  gni,iss  used  foi  building  pui poses 
in  Campos  is  obtained  On  the  western  bide  of  the  iner 
opposite  the  Sapateiio  imige  stretch  westwird  the  serras  of 
Sao  Fidelis  in  a  SLnes  of  shaip  peaks  The  height  of  some 
of  the  peal  s  must  be  at  least  3,500  feot,  probably  more 
The  sides  of  the  mountains  aie  all  iLr,ulailj  lonndcd  like 
those  of  Rio.     Like  the  Organs,  some  of  the  hills  are  very 
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eliarp,  but  they  are  not  so  prominent  as  to  give  to  tins  land- 
scape so  sti'iking  a  chai-aet«r  as  tlie  Organs  do  to  the  scenery 
of  the  serva  of  tliat  name.  The  gneiss  of  Sao  FideUs  is  similar 
to  that  of  Eio,  and  contains  a  large  quantity  of  garnets,  some 
of  the  crystals  of  which  are  an  inch  and  a  half  in  diameter. 
At  a  rocky  place  by  the  river-side  I  obsen-ed  a  strike  of 
N.  64°  E.,  the  dip  being  vertical.  At  SSo  Fidelis  navigation 
ends.  Above  that  point  tiie  river  is  full  of  rapids,  obstruct- 
ed by  rocks,  and  is  navigable  only  for  canoes  and  the  like. 
The  lands  of  the  immediate  vicinity  are  not  lai'gely  culti- 
vated. 

At  Cantagallo,  during  the  reign  of  the  first  Vice-King  of 
Braiiil,  gold  was  discovered  by  certain  seekers  and  smug- 
glers of  gold,  garimpeiros,  ■who,  quietly  taking  possession  of 
the  place  for  many  years,  extracted  gold  in  secret,  and  it 
was  a  long  time  before  the  Brazilian  government  discovered 
the  region  whence  so  much  gold  found  its  way  to  the  capital, 
Mawe  says  that  the  rock  of  tlie  locality  is  granite  composed 
of  feldspar,  hornblende,  quartz,  mica,  sometimes  holding  gar- 
nets, —  evidently  gneiss,  like  that  of  the  Serra  do  Mar  to  tlie 
westwai-d.  He  states  that  the  gold  comes  from  the  lowest 
bed  of  cascalho,  or  gravel,  occurring  always  in  rounded 
grains,  and  that  he  never  saw  a  crystallized  specimen.  Gold 
and  ferric  oxide  were  the  only  metallic  substances  found 
here.  At  the  time  of  Mawe's  visit  (1808)  so  little  gold  was 
exti'acted,  tliat  the  quinto,  or  royalty,  paid  to  the  govern- 
ment would  scarcely  eufiice  to  pay  tlie  officers  and  soldiera 
appointed  to  collect  it.  Von  Tsclmdi  says  *  that  tlie  gold 
of  Cantagallo  came  from  the  bed  of  a  stream. 

Another  locality  where  gold  was  formerly  washed  is  Santa 

*  Heiaen  dtirch  Ssd-Anm-ica,  Diitter  Band,  176"  Seite,  Tliia  volume  con- 
tains a  18021117  description  of  Cantagallo  and  Nova  Friburgo. 
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Rita,  a  place  about  five  Brazilian  leagues  northeast  of  Caii- 
tagallo.  Mawe  *  deacribea  the  gold  as  occurring  in  a  bed 
of  cascaIlio,t  or  gi'avel,  overlaid  by  earth.  The  layer  of 
caecalbo  varies  in  thickness  from  two  feet  to  seven  or  eight 
inches,  and  liea  under  a  tliickness  of  four  or  five  feet  of 
earth. 

The  Cant-agallo  region  was  never  very  rich  in  gold.  At 
Santa  Rita  and  in  the  vicinity  Mawe  found  heavy  deposits 
of  lime  stone. 

Prom  Sao  Fidelis  I  made  a  liorsebaclt  jouniey  hi  company 
with  Mr.  Copeland  across  tlie  couiitiy  northward  by  vray  of 
the  TallSo  Grande,  to  Bom  Jesuson  tlie  Itabapuana  River,  the 
dividing  line  between  the  provinces  of  Rioand  Espirito  Santo. 

For  the  greater  pai-t  of  the  distance  to  tlie  Bio  Muriali^ 
tlie  road  led  through  the  most  dense  and  luxuriant  virgin 
forest.  Little  was  to  he  seen  of  the  rock,  or  even  of  the 
soil,  but  I  obsei-ved  tliat  the  drift  clay,  where  exposed, 
often  contained  boulders  of  gneiss ;  and  masses  of  rock 
of  large  size  were  sometimes  seen  resting  upon   it.      On 

•  "  Travels  in  tho  Interior  of  Braail,  pnrticiiiarly  in  tlie  Gold  and  Diamond 
DistiictB  of  that  Country.  By  Authority  of  the  Pcince  Eegent  of  Portugal.  By 
John  Mawe."  I  do  not  know  the  date  of  the  English  edition.  I  have  a  copy  of 
the  American  reprint,  which  appeared  in  1816,  and  was  published  in  Philadel- 
pliia.  It  has  «s  a  frontispiece  a  large  steel  engraying,  representing  a  nnmber 
of  n^rocs  at  work  nnder  along  thatclied  shed  washing  for  diamonds,  —  an  en- 
graving which  has  been  copied  over  and  over  again,  and  is  familiar  to  every 
young  atndent  of  geography.  A  Gorman  edition  in  my  possession,  entitled 
Reisen  in  das  Itinete  von  BrasiUen,  was  published  in  IBIG  at  Leipzig,  ivhila 
Burton  mentions  a  French  wort  hearing  the  title  Voi/ages  dans  I'lntgiieur  du 
Br^sUen  1809  ei  1810,  published  in  the  some  year,  and  which  I  suppose  to  be  a 
transla^on  of  the  above  "  Travels,"  though  Mawe  began  his  explorations  io 
Brazil  in  Sopferaber,  1807.  This  is  a  work  of  much  interest,  and  contains  many 
valuable  geological  facta. 

t  The  word  cnseatto,  pronounced  caiKal^,  means  gravel  in  Portngueao.  In 
Brazil  tbe  anrifei'ouB  cascalho  is  almost  invariably  cQm[)OEed  of  quarti  pebbles. 
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tlie  VaMo  Grande,  about  a  league  west  of  the  river  Murialii5, 
I  saw  well-laminated  gneiss  with  a  stiike  of  N.  Q4°  E., 
and  a  northward  dip.  Tiie  valley  of  the  Muriali^  I 
found  well  cultivated  where  I  crossed  it,  and  furnishing 
large  crops  of  sngar-eane.  Leaving  the  river,  our  course  lay- 
over a  seiTa,  which  our  guide  called  Mattica.  It  is  com- 
posed of  gnoisB,  and  must  he  over  2,000  feet  high.  On  our 
descent  on  the  northern  side,  I  ohsei-ved  thick  heds  of  a  kind 
of  gueisB  composed  almost  entirely  of  quartz,  and  m  the 
drift  I  saw  houldera  of  this  roclt  mixed  up  with  boulders  of 
common  gray  gneiss.*  From  this  serra  to  Bom  Jesus  the 
country  is  all  gneiss,  with  low  roimded  hills,  the  whole 
being  covered  with  a  most  vigorous  forest  growth.  The  Rio 
Itabapuana  is  a  little  stream  comparable  to  the  Rio  Pu-ahy  on 
the  Dom  Pedro  11.  Eaikoad.  Between  Bom  Jesus  and  the 
Eibeirao  do  Jai'dim  the  land  is  rather  low,  and  diversified 
by  rounded  gneiss  hills  of  inconsiderable  elevation.  The 
river  is  bordered  by  flat,  alluvial  lands,  often  marshy,  tlie 
resort  of  great  numbers  of  water-birds,  piacocas  (Parra 
Jacana),  cranes,  &c. 

On  the  Espirito  Santo  side,  between  the  Eibeirjio  do  Jar- 
dim  and  tlie  RibeirSo  Formosq,  begins  the  Serra  de  SUo 
RomSo  e  Santa  Paz,  or  tlie  Serra  de  Itabapuana,  which  rises 
abruptly  from  tlie  river  and,  more  or  less  broken,  runs  off 
in  a  northef^t  direction  to  tlie  Rio  Itap^merim.  The  hills 
on  the  Rio  Itabapuana  are  more  tlian  a  thousand  feet  high, 
and  ai-e  composed  of  gneiss  which  dips  southward  at  a 
moderate  angle  and  with  its  usual  strilte.  They  arc  veiy 
precipitous  on  tlie  soutliern  side,  the  rocks  being  covered 
by  an  abmidant  growth  of  cactuses,  &c.  On  tlie  same  side 
of  the  river,  ui  the  angle  between  the  RibeirSo  Formoso  and 

«  I  was  tukl  that  there  was  limostoni:  in  this  serra,  but  I  i-aw  none. 
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tJie  Itabapuaiia,  is  a  solitary  irregular  conical  peak  called  the 
Pedra  Formosa,  which,  standing  alone  in  front  of  tiie  amphi- 
tlieatre  formed  by  the  Serra  of  Sao  RomSo,  and  that  of  Santa 
Paz,  foi-ui3  a  fine  piece  of  mountain  scenery.  Thence  onward 
to  the  fazenda  of  SSo  Pedro  the  country  is  still  gneiss,  the 
hills  ai'e  low,  covered  by  a  most  fertile  red  drift  soil,  and  are 
heavily  forest-clotlied.  The  river  is  rocky  and  swift,  and  just 
below  tlie  faaenda  tliere  are  some  considerable  rapids  wliich 
extend  for  nearly  a  mile,  and  would  furnish  an  abundant 
water-power.  The  soils  of  tliis  vicinity  are  very  good,  and 
excellent  cane,  coffee,  and  cotton  are  raised.  The  cotton 
which  I  examined  on  the  fazenda  of  Senhor  Mai-tinho  Fr. 
Medino  was  the  finest  I  ever  saw  on  the  coast.  The 
gneiss  of  this  vicinity,  and  of  Porto  da  Limeira,  lies  remark- 
ably horizontally.  At  tlie  rapids  at  the  fazenda  of  Senhor 
Mai'tinho  it  lias  a  northward  dip  of  some  ten  degrees  only. 
At  Sao  Pedro  and  Porto  da  Limeira  it  is  well  laminated,  but 
it  has  a  very  irregular  dip  and  strike,  though  the  dip  is 
generally  northward.  The  rock  is  full  of  granite  and  quartz 
veins.  About  three  miles  soutli  of  Limeira  is  a  remarkable 
isolat-ed  peak  called  the  GarrafSo,*  or  the  "  demijohn"  which 
forma  a  very  conspicuous  landmark,  visible  from  a  consider- 
able distance  off  tlie  coast  at  sea.  It  is  precipitous  on  all 
sides,  and  as  it  is  long  from  east  to  west,  and  very  narrow, 
it  presents  very  different  aspects  according  to  the  position 
from  which  it  is  seen.  Prom  some  points  of  t!ie  compass  it 
appears  dome-shaped,  from  others  like  an  immense  tower  or 
pillar  rising  out  of  tlie  generally  plain  country.  Mouchez 
estimates  its  height  at  910  metres  ;  1  slioukl  set  it  down  as 
between  2,500  and  3,000  feet. 

»  It  hna  almost  pi'ceisely  the  same  slracture  and  nearly  tlie  same  forjii  as  tlie 
GarrafSo  among  the  "  Organs." 
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Between  the  Rio  Itabapuana  and  the  Parahyha,  eight  or 
ten  miles  soutli  of  the  GaiTalao,  and  in  a  line  with  the  Serrada 
On^a,  is  a  remarkable  group  of  gneiss  hills,  which  is  \-i8ible 
from  Cape  Sao  Thom^,  a  distance  of  at  lt,ast  forty  miles. 
Oue  of  tlie^  I  1    i[    conical  needle,  cillcd  Pedra 

Liba*    Ihii  1  1  Ihe  lollowiiig  bketth 


Descending  the  nver  fiom  Poito  da  Limeira,  one  soon 
leases  the  gnei&s  region,  and  comes  upon  a  flat  Lountiy,  for 
tlie  most  part  very  heavily  wooded,  and  more  or  less  diver- 
sified by  shallow  lagoons,  one  of  which,  Lag8a  Feia,  is  quite 
extensive.  The  river  is  veiy  narrow  and  tortuous,  and  only 
na\'igable  for  very  small  steamers.  Much  of  the  land  is  very 
low,  and  must  be  frequently  overflowed  ;  but  there  are  some 
considerable  patches  of  tertiary,  which  aie  however  much 
denuded.  At  tlie  fazendab  of  Senhores  Pedro  Mendes  and 
Antonio  Martim  these  lands  rise  to  a  height  of  perhaps  sixty 
feet,  and  on  tlie  river  they  aie  seen  to  be  composed  of  the 
characteristic  tertiary  sandstones  ind  clays.  Tlie  little 
villag*  of  the  Barra  do  Itabapuana,  pimcipally  inhabited  by 


«  1  hara  SBen  thif 

i  remaikable  pMk  from  all  =iili. 

'      It  nlwnjs  appears 

needle  or  sliHrp  com: 

1.    MoudiOB  mukta  It  1,150  me 

Ubb  m  height,  and  I  do 

think  he  liiia  over-csl 

i.«i.tea  it. 
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fishermen,  is  biiilfc  on  a  strip  of  sand  on  the  i-iglit  bank  of 
the  river,  near  the  mouth.  It  is  separated  from  the  shore 
by  a  narrow,  shallow  channel,  or  lagoon,  which  nans  south- 
ward from  the  river,  parallel  with  the  shore,  and  just  behind 
tlie  beach  ridge.  This  lagoon  communicates  with  a  marshy 
ti'act  covered  by  mangroves,*  south  of  which  red  tertiary 
sandstones  are  exposed  on  the  edge  of  the  marsli,  and  the 
land  rises  appai'enUy  some  twenty  feet,  forming  to  the  south- 
wai-d  a  large  patch  of  tertiary.  Opposite  the  town  there  is 
a  large  sandy  island,  which  is  separated  from  the  beach  by 
a  lagoon  which  stretches  nortlrward  along  the  shore  for 
some  distance. 

A  league  or  more  to  the  soutli  of  the  BaiTa  do  Itabapuana  | 
are  two  or  thi-ee  rocky  points  of  tertiary  sandstone,  present- 
ing low  red  cliffs.  The  same  rock  is  said  to  occur  at  Man- 
guinhoa.  Isolated  masses  of  this  rock,  covered  at  high  tide, 
occur  off  the  Baxra  of  the  Itabapuana,  and  also  at  Man- 
guinlios. 

The  mouth  of  the  Itabapuana  is,  like  tlie  Parahyba,  ob- 
structed by  a  sand-bar,  and  is  entered  with  difficulty.  The 
water  is  shallow  off  the  coast,  and  vessels  sometimes  anchor 
outside  the  bar  and  take  in  cargoes  of  wood,  &c. 

"  The  mud  of  the  mangrore  swamps  ia  very  soft,  being  composed,  of  the 
finest  kind  of  silt,  and  it  is  blaelt  and  stinking  with  decnjing  matter.  It  is  full 
of  shells,  leaves,  the  oxuvire  of  erabs,  &c. 

t  Ila,  in  Tnpy,  means  stono,  and  poani  or  puam  an  island ;  and  I  suspect  that 
the  name  Itabapnana  may  hare  been  given  from  the  little  rocky  islands  men- 
tioned below.  Caaal  givei  the  name  of  tlie  river  ns  Camapuan  or  Cabapimnna, 
and  Bays  that  the  saTagea  called  it  Betitigba.     ( Oongrajia,  YoL  I.  p.  61.) 
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CHAPTER    II. 

PROYltJCE     OF     F.SPIEITO     SANTO. 

Baireiras  do  Siri.  —  ItapiSmerim.  —  Const  bBtween  Itap^nimira  nnd  BcnoventC. 

—  Bcneveuto.  —  Guaraparj;  Consolidated  Beitch,  CoralE,  &c,  —  Kio  Jeuii. — 
Bay  of  Espirito  Santo. — Nossa  Senhora  da  Penha.  —  Victoria,  —  Decom- 
poBition  of  Gncifs  and  IFormacion  of  Bouldora  of  Decomposition.  —  llecent 
Rise  of  the  Coast.  —  Corals,  &c.  of  the  Bay  of  Victoria,  —  Eio  Santa  Ma- 
ria.—  German  Colonies.  —  Ksherios.  —  Sand  Plains.  —  Tertiary  Plain  at 
Carapina.  —  Mestre  Alvavo.  —  SarrB.  —  Nova  Almdda.  —  Eio  Reia  Magos.  — 
Santa  Cinz.  —  Basin  of  the  Eio  Doca.  —  Description  of  the  EiTer.  —  Gucii- 
dil;  its  Colony  and  .Agriuoltiiral  ReEources.  —  Poi'to  do  Soaaa.  —  Geology 
of  Vicinity.  —  Luxuriance  of  Vegetation  on  the  Doce. — Woods.  —  Game. 
— Fl'aiieylvaiiio.  —  Climate  of  the  Doee. — Linhares.  —  LagiJa  JuparanSa. 

—  The  Future  of  tlie  Doce.  —  American  Colonists.  —  Salt  Trade.  — Barra 
Socca.  —  Sea-Turdes,  —  Consolidntefl  Bandies  and  theModeof  their  Forma- 
tion. —  Charneter  of  Coast  between  the  Eirers  Doce  and  SSa  Maiheos.  —  Rio 
SSo  Molheos  Descrilwd.  —  Geological  Features.  —  Fertility  of  ica  Lands. — 
Cocoa-Palms  and  their  Distribution.  —  City  of  Sito  Matheos.  —  Rio  Itahif- 
nas.  —  Cliffs  of  Os  LenfSos.  —  CouEt  between  Itahdnas  and  Eio  Mucuiy. 

A  SHORT  distance  nortliward  of  the  Rio  ItabapuEina,  and 
not  far  from  tlie  seanshore,  is  Lake  Mai-ob4,  from  which  flows 
the  river  of  the  same  name.  Between  tlie  Itabapuana  and 
this  river  the  coast  lands  are  low  and  marsliy.  Just  south  of 
the  Barra  do  Maiob^  the  lands  rise  somewhat  along  ilie  shore, 
and  tertiary  red  sandstone  shows  itself  in  the  beach.  The 
tertiary  bluifs  of  tlie  Itabapuana  sweep  round  back  of  the 
lalce,  and  come  down  to  the  shore  nortli  of  the  Bari'a,  and 
are  continued  thence  northwai-d  in  a  fine  range  of  bluffs 
called  the  Barreiraa  do  SiL-i,  wliich,  from  the  bright  I'ed 
colors  of  the  clays  and  sandstones  composing  tliem,  present 
a  very  picturesque  appearance  from  tlie  sea.    These  cliffe  are 
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seventy  to  eighty  feet  in  height,  and  the  country  lying  back 
of  tliem  is  a  wooded  plain. 

The  lowest  bed  seen  in  the  cliffs  of  Siri  is  a  coarse,  dark- 
red  sandstone,  witli  indistinct  stratification,  and,  where  ex- 
posed on  the  beach,  full  of  holes,  presentmg  an  appearance 
more  Uke  that  of  the  surface  of  a  lava  stream  than  anything 
else.  This  mass  of  sandstone  is  penetrated  by  deep,  perpen- 
dicular, pipe-like  holes,  which,  in  many  cases,  communicate 
witli  one  anotlier.  This  sandstone  rises  to  a  height  of  about 
twelve  feet  above  low-water  mark,  and  is  overlaid  by  a  bed, 
about  twenty  feet  thick,  of  a  sandy  clay,  whitish  and  reddish,* 
which  penetrates  mto  the  cavities  of  the  sandstone.  The 
sandstone  seems  to  result  in  part  from  the  irregular  cement- 
ing of  the  sandy  clays  by  oxide  of  iron.  The  clays  are  soft 
and  show  no  distinct  stratification.  Tlie  proportion  of  sand 
varies  very  much,  some  of  the  clays  being  exceedingly  fine 
in  texture,  like  kaolin.  They  are  not  at  all  plastic.  The 
color  varies  from  a  pure  white  to  a  bright-red,  and  some- 
times tlie  clay  is  variegated  with  curved  lines  of  red  or 
yellow,  so  as  to  look  like  fancy  Castile  soap.  Over  tlie  clay 
is  an  irregular  deposit  of  very  dark-red  sandstone,  which  is 
well  stratified,  and  sometimes  forms  lenticular  masses  ;  and 
over  this  in  turn  lies  a  bed  of  red  clay,  which  1  could  not 
well  examine.  Between  the  clay  and  the  soil,  which  is  usu- 
ally light  brown,  there  is  a  layer  of  pebbles  mid  iron-stone 
nodules.     A  few  miles  below  Itap^merim  tlie  tertiary  lands 

*  PrinK  Max.  zii  Neu  Wied,  Beiae  nack  Bi-asilien,  Vol.  T.  p.  169,  speaks  of 
these  cliffs,  and  gives  the  following  note,  wliicli  1  leavo  in  his  own  words  :  — 

"  Der  TTntersnchnng  dcB  Hei'm  Professor  Hansmami  zu  Gottingen  zufolge 
gehurt  diosos  Fossil,  welcliea  oinen  Hanptbestandthoil  einaa  grOBsen  Theila 
dieser  Ktiste  von  Brasilien  ansmaclit,  zum  vorliarteten  Steinmark,  woMn  roan 
nuch  die  saehsisdic  Wniidcr-Erdc  zahlt.  Es  stimmt  in  alien  Kennzeiclicn  init 
deiii  Steliimarke  iihewin." 
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recede  from  tlie  beach,  aiid  are  broadly  denuded  on  both 
sides  of  the  river.  The  Itapemerim  is  a  much  larger  sti'eam 
than  the  Itabapuana.  It  rises  near  the  frontier  of  Miiias 
Geraea,  west  of  Victoria,  behind  the  Scrra  do  Pombal,  and 
has  a  course  of  about  eighty  miles.  It  is  shallow  in  its  lower 
course,  aiid  of  little  importance.  Tliere  is  an  extensive 
alluvial  plain  bordering  the  river  on  the  soutli  side  for  a  few 
miles  above  the  town,  in  part  belonging  to  the  fazenda  of 
tlie  EarSo  de  Itap^merim ;  tliis  tract  of  land  is  very  fer- 
tile, and  a  considerable  part  is  cultivated  for  sugar.  There 
are  a  few  fazendas  farther  up  the  river.  Tliat  of  Muqui, 
belonging  to  the  Baron,  is  built  on  a  gneiss  hill. 

The  serras  approach  nearer  tlie  coast  in  going  northward, 
and  in  the  neighborhood  of  Itap^merim  are  very  high,  pre- 
senting the  same  topographical  peculiarities  as  in  tlie  soutli. 


About  twenty  miles  west  of  tlie  town  of  Itap^merim,  and 
south  of  the  river,  is  a  very  remarkable  irregular  peak  called 
the  Frade,  while  a  few  miles  to  the  northeast  is  a  group  of 
needles,  which  presents  an  exceedingly  strange  appearance 
when  seen  from  certain  points  of  the  compass,  appearing 
sometimes  like  tlie  fingers  of  a  giant  hand  held  up  against 
the  sky.  Some  of  tliese  needles  are  at  least  3,000  feet  high. 
The  whole  country  lying  beliind  them,  even  beyond  the  lim- 
its of  the  province,  is  very  mountainous,  and  is  composed 
of  gneiss.  I  was  informed  that  specular  iron  oeciu's  in  tire 
serras  of  Itap^merim,  but  I  had  no  way  of  verifying  tlie 
report. 
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In  1723  the  first  Bcttlers  on  tlie  Itap^raerim  discovered 
gold  ill  one  of  its  aiflueiits  on  the  north,  called  the  Rio  do 
Castello.*  "  A  decree  of  the  17th  Septemher  of  the  following 
year,  1724,  determined  tliat  the  auriferous  lands  should 
be  divided  into  small  portions  among  all  those  who  wished 
to  employ  themselves  in  the  labor  of  mining,  with  the  con- 
dition that  they  should  subject  themselves  to  tlio  laws  of 
the  sesmarias  and  to  the  impost  on  the  gold."  f  A  gold- 
washmg  town  was  established  at  tlie  confluence  of  the  Oas- 
teUo  with  tlie  Itap^merim,  but  tlie  hopes  of  a  rich  yield 
proved  deceptive, J  and  with  tlie  incursion  of  Uie  Indians 
the  place  went  down. 

North  of  the  Itapi^meriin  the  coast  is  bordered  by  exten- 
sive plains  of  coarse  white  sand,  like  tliose  of  the  Island  of 
Paquet^  and  of  tlie  extension  of  the  Cantogallo  Kaiboad. 
These  plains  ai-e  quite  destitute  of  grass,  and  are  covered 
spai^ely  by  clumps  of  stunted  trees,  among  wliich  is  the 
Pitangueira  (^Eugenia  pedwnculata),  with  an  abimdance  of 
cactuses  (^Cereus'),  and  bromeliaceous  plants.  About  half 
way  to  tlie  little  town  of  Piuma,  distant  some  eight  miles 
north  of  Itap^merim,  gneiss  bills  stretch  along  the  coast. 
Among  these  is  the  Morro  de  Agah,  one  of  the  noted  land- 
marks of  the  coast,  —  a  shai-p,  saddle-shaped  ridge,  appear- 
ing pyramidal  when  seen  from  the  north.  Gneiss  shows  itself 
occasionally  on  the  beaches,  and  there  are  a  few  little  gneiss 
islands  off  the  coast. §  Tlie  Piuma  is  a  very  small  river  of 
little  or  no  impoi'tance, 

*  Dice.  Geog.,  Art.  Casino. 

t  The  Corografia  Brasilica,  published  ia  1817,  speaks  of  these  mines  as 
having  been  abandoned  on  accoimt  of  the  incnrsions  of  the  Indians. 

%  Von  Tschudi,  Easen  dardi  Slid  Amerlixi,  Dritter  Band,  60"'  Seite. 

J I  observed  on  the  shore,  jnst  soath  of  the  point  of  the  Agab,  a  rock 
exposed,  wliieh  appeared  to  be  a  aandstone.  It  was  much  decomposed,  and 
I  was  unable  to  examinD  it  rery  carefully. 
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From  Pinma  to  Benevente,  which  is  a  ride  of  only  about 
two  hours,  and  cannot  be  more  than  from  four  to  six  miles, 
tlie  road  leads  over  low  gneiss  hills,  because  the  shore  is 
rocky  and  the  heach  has  to  be  abandoned.  The  Kio  Iri- 
ritiba,  or  Benevente,  is  a  small  stream,  navigable  for 
some  eight  leagues  above  its  mouth,  whieh  is  naiTow,  sit- 
uated between  gneiss  hills,  and  unobstructed  by  a  bar,  —  a 
eireunistance  owmg  to  the  protection  of  this  part  of  the 
coast  by  a  rocky  point  extending  southward  some  two 
miles  east  of  the  mouth.  Tlie  water  at  the  entrance  is 
deep,  and  vessels  of  considerable  tonnage  may  enter  at 
any  time  of  the  tide.  Just  inside,  tlie  river  spreads  out 
into  a  broad  sheet  of  water,  so  that  it  forms  one  of  the 
best  and  most  frequented  iiarhors  on  tlie  coast  of  Es- 
pirito  Santo.  Vessels  frequently  iind  refuge  in  the  little 
bay  behmd  tlie  point  east  of  Benevente,  where  tliey  are 
well  sheltered  from  norihcast  storms.  The  town  is  a 
small  one,  and  situated  at  the  mouth  of  the  river,  on 
the  northern  side,  at  tlie  base  of  a  low  gneiss  hill.* 
Besides  sliip-building,  its  trade  consists  in  wood  and  a  lit- 
tle coffee.  According  to  Yon  Tschudi,  the  lands  lying  back 
of  Benevente  are  veiy  fertile,  and  the  place  possesses 
natmal  advantages  which  might,  if  properly  used,  make 
it  of  much  importance.  Leaving  Benevente,  and  going 
northward,  tlie  path  ci-osses  obliquely  a  projecting  point,  and 
passes  over  and  among  low  hills  of  red  sandstone  and  clays, 
the  sandstcne  cropping  out  frequently  at  the  base  of  the 
hills.  The  soil  covering  these  hills  is  gray,  and  appears  to 
be  veiy  rich.  In  some  parts  it  is  of  a  deep  pinkish-red  color. 
On  leaving  tlie  hills  a  plain  of  white  sand  is  reached,  like 

*  Gneiss,  gray,  well  laminated.  Strike  N.  B5°  E,  Dip  yiirviiig  from  rra- 
tJCiil  to  88°  N.    Bock  intersectod  by  numerous  granite  veins. 
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that  of  Itap^merim,  This  occupies  a  sort  of  bay  in  the 
tertiary  lands,  which  soon  reach  tlie  coast  again  and  foi*m 
a  long  line  of  red  cliffs,  extending  for  several  miles  along  tlie 
shore,  almost  to  tlie  little  fishing  village  of  Miahype.  This 
village  is  situated  on  a  naii'ow  saiid-bank  uniting  a  small 
mass  of  gneiss  to  the  shore,  off  which  a  similai-  mass  forms 
au  island.  Thence  northward  the  tertiary  lands  extend 
along  the  shore,  with  narrow  patches  of  sands  in  front,  and 
with  occasional  interruptions,  to  tlie  village  of  Guara- 
pary,*  when  the  shore  becomes  rery  much  indented,  and 
the  distribution  of  tlie  various  formations  are  too  compli- 
cated for  description  here.  Many  of  the  low  hills  of 
the  vicinity  have  a  hasis  of  gneiss,  but  are  capped  with 
tertiaiy  clays.  The  gneiss  shows  itself  in  a  nimibcr  of 
rocky  points  and  ledges,  and  at  the  moutli  of  the  river 
there  are  several  islands.  Tlie  gneiss  is  gray,  but  it  is 
very  micaceous,  ihe  mica  being  in  moderately  lai'ge  black 
crystals.  I  find  in  my  note-hook  an  observation  of  strike 
N.  80^  E.,  dip  80"  S. 


In  a  little  cove  just  south  of  the  town  is  a  large  detached 
mass  of  sandstone,  lying  just  in  front  of  t!ie  beach,  and  at 

*  The  cdiiiifrj  Iving  between  the  oonet  utid  the  Serra  clo  Pero  CSo,  distant 
seme  Eix  miles  from  GT-ifirapniy,  is  composed  of  low  hills,  some  of  which  are 
undoTl^tedly  teitniy  mterajwrsed  wiih  higher  ones,  na  the  Orohd,  wLieh  are 
gneiss 
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low  title  washed  by  the  waves.  It  consists  of  quartz  sand 
cemented  by  carbonate  of  lime,  and  the  rock  is  exceedingly 
hard.  It  is  well  stratified,  and  the  layera  are  nearly  hori- 
zontal. The  rock  is  cut  up  by  joints,  which  the  sea  has 
widened,  so  tliat  it  is  much  broken  up,  wlide  the  washing 
out  of  the  calcareous  cement  by  the  sea  has  left  the  sm'face 
very  ragged.  This  mass  is  only  part  of  a  BoHdified  beach 
which  has  been  laid  bare  by  an  encroachment  of  tlio  sea. 
At  low  water  it  furnishes  to  the  naturalist  a  very  rich  har- 
vest of  marine  animals,  for  in  tlie  holes  near  its  edge  grow 
masses  of  Siderastrma  stellata  Verr.,  while  Acanthastrrsas 
of  considerable  size  gi'ow  attached  to  its  sides.  Favias  and 
Agaricias,  &G.,  occur  hi  great  abundance,  and  the  rocks  are 
covered  with  great  patches  of  the  common  brown  Palythoa 
of  the  coast,  and  of  a  spreading,  green-disked  ZoaMhus,  not 
determmed.  Several  beautiful  species  of  sea-anemones, 
deeply  tinted,  are  very  common,  but  the  species  have  not  yet 
been  made  out.  At  low  tide  there  may  be  obtained  from 
the  rocks  beautiful  specimens  of  Hymenogorgia  quercifolia, 
Eunicia  humilis,  and  Plexaurella  dichoioma.  Sea-i\rehins 
(^Echinometra  Michelini)  ai-e  exceedingly  abundant  here,  and 
are  used  for  food  by  the  natives.  They  live  packed  securely 
away  in  deep  holes,  not  only  in  the  sandstone  of  the  reef,  but 
also  in  tlie  gneiss  of  t!ie  adjacent  points.  Here  also  the 
beautiful  little  crimson  star-fish,  Echinaster  crassispina,  is 
very  abundant,  occurring  among  tlie  sea-weeds  and  in  little 
pools  betwixt  tide-marks ;  and,  in  the  tide-pools,  Ophiura 
cinerea^  together  with  a  number  of  oUier  species  of  the  same 
order,  occurs.  Holothurians,  some  of  tliem  a  foot  long,  are 
very  abundant,  packed  into  crevices,  in  tide-pools,  and 
under  rocks ;  and  a  pretty  comatida,  Antedon  Dubenii 
Bolsche,  or  Braziliensis  Liitk.,  may  be  seen  through  the 
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vrnier  covering  flie  rocks  like  rosettes  of  brown  feath- 
ers.* 

This  locality  is  rich  in  emstaceans,  but  not  especially  so 
in  moUusks ;  indeed,  the  whole  coast  has  a  rather  poor 
moUuscan  fauna.  A  large  octopod  is  common  here,  and  ig 
hooked  out  from  the  crevices  in  the  rocks  hy  the  uihabitants, 
■who  use  it  for  food.  Guarapary  is  an  excellent  collecting 
ground  for  marine  invertebrates,  though  not  so  good  as  Vic- 
toria. Inside  the  moutli  of  the  bay,  in  water  which  is  brack- 
ish and  impure,  occurs  a  slender-branching,  tender,  nodose 
Halcyonoid,  undetermined.  The  entrance  to  tlie  harbor  of 
Guarapary  is  good  and  secure,  and  shelter  for  shipping  is 
furnished  by  the  little  islands,  Escalvada  and  Raza,  lying  off 
the  coast ;  but  the  marshy  lands  in  the  vicinity  make  tlie 
place  exceedingly  mihealthy,  and  notwithstanding  the  lands 
to  the  west  of  the  town  are  good,  and  woods  and  valuable 
balsams  and  fish  are  in  abmidance  in  the  vicinity,  the  un- 
healthiness  of  the  climate  has  placed  a  ban  upon  its  growth. 
The  river  is  a  little  one,  with  a  course  of  only  a  few  leagues, 
and  takes  its  rise  in  the  Serra  do  Pero  Cao.  It  is  said  to 
offer  navigation  as  far  as  tlae  coast  serra,  and  to  unite  in  its 
course  a  number  of  little  lakes. 

In  going  northward  from  Guarapary  the  path  leads,  first, 
over  a  gneiss  district  bordering  the  northern  side  of  the 
river,  and  then  descends  to  a  plain  of  white  sand,  sparsely 
covered  by  trees.  Crossing  tliis,  low  tertiary  hills  are 
reached,  wiUi  more  or  less  gneiss,  bare  in  places,  espe- 
cially along  the  shore,  and  you  come  upon  tlie  little  brook 
Pero  CSo,  beyond  which  the  shores  are  sandy  and  flat  as 

*  Of  theso  Radiates,  aa  well  as  the  other  marine  invortebriifea  of  the  reef,  Mr. 
Copelfmd  nncl  I  mnde  a  considerable  collection,  which  is  in  the  Mnseam  of 
Comparative  Zoology,  in  Cambridge,  but  has  not  jet  been  worked  np. 
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fax-  as  a  small  river  called  by  my  guide  Una,  but  which  docs 
not  seem  to  be  represented  on  the  chart  of  Monchez.  This 
little  stream  escapes  into  the  sea  jnst  south  of  a  projecting 
point  of  gneiss.  Between  tliis  point  and  the  seira  the  coun- 
tiy  is  low.  The  distaaice  of  the  mountains  from  the  sea  is 
only  about  five  miles.  A  point  or  two  passed,  aiid  one 
reaches  a  long  sand-beacli,  which  extends  some  eight  miles 
north  to  a  low  gneiss  point  called  Ponta  da  Fructa,  Along 
this  beach  are,  in  some  places,  sand-dunes  twenty  to  twenty- 
five  feet  in  height. 

Prom  tlie  Ponta  da  EVueta,  northward,  to  the  Ponta  de  Jccii 
—  a  distance  of  seven  or  eight  miles  —  stretches  an  almost 
straight  sand-beach,  behind  which  are  plains,  sandy  and 
marshy,  —  a  perfect  batrachian  paradise. 

The  Ponta  de  Jecfi  is  a  gneiss  hill,  somewhat  similar  to 
that  of  the  Fructa,  and  fonnerly  an  island,  but  now  joined 
to  tlie  mainland  by  a  sand-beach.  Tliere  are  otlicr  smaller 
hills  in  the  vicinity.  According  to  a  sketch  in  my  own 
note-book,  the  river  enters  tlie  sea  to  the  soutli  of  the  point, 
but  Mouchez's  chart  shows  it  entering  on  the  north  side, 
which  was  probably  the  case  at  the  time  his  chart  was 
made,  the  mouth  having  been  closed  on  the  south  by  a 
storm.  The  river  Jccd  rises  among  the  serras  to  the  west, 
and  ia  an  insignificant  stream,  apparently  smaller  than  the 
Muriah^.  It  is  with  difiiculty  navig-able  for  canoes  for  only 
a  short  distance.  Some  five  miles  above  its  mouth  a  canal, 
cut  long  ago  by  the  Jesuits,  nms  off  northward  and  commu- 
nicates witli  the  poi-t  of  Victoria,  distant  about  five  miles. 
This  was  done  to  facilitate  tlie  ti'ansport  of  the  products  of 
tlie  eountiy  to  Victoria,  as  well  as  to  avoid  the  dangerous 
passage  by  sea  from  the  mouth  of  the  river  around  the  reefs 
and  rocky  point  on  the  south  of  tlie  bay  of  Eapirito  Santo. 
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The  cutting  of  this  canal  is  said  to  liave  impro^'ed  the  health 
of  tlie  region  of  the  Jecii. 

On  this  river,  some  tliirty  miles  from  its  mouth,  and 
somewhat  farther  from  the  city  of  Victoria,  was  estab- 
lished, in  tlie  yeai"  1847,  a  German  colony,  Saiita  Isabel, 
among  the  gneiss  hills  lying  east  of  tlie  serra,  in  a  region 
healthy  and  fertile,  and  proper  for  tlae  culture  of  coffee, 
cotton,  &G. ;  but  the  colony  has  not  been  prosperous, 
owing  to  bad  management  ajid  the  want  of  roads.* 

From  the  month  of  the  Jeeu  to  tlie  bay  of  Espirito  Santo 
the  sand-beaches  continue,  backed  by  the  sandy  and  marshy 
plains  of  the  Campos  de  Piratinanga-f 

The  Bay  of  Espirito  Santo  is  about  two  and  a  half  miles 
wide,  and  irregular  in  shape.  On  the  noi'tli  is  tiie  Ponta 
do  Tubarao,  with  a  rocky  sandstone  shore,  whence  sweeps 
around  westwai-d  and  southward  a  long  sand-beach,  join- 
ing a  rocliy  point,  near  which  enters  the  cliannel  of  the 
Rio  da  Serra.  Thence  southwai'd,  for  a  mile  or  more, 
the  land  is  higli  and  irregular,  and  the  sliore  consists  of 
sea-beaclies  between  projecting  gneiss  points.  We  then 
reach  the  entrance  of  a  narrow,  iiTegnlar  cliannel,  —  tlie 
estuary  or  bay  of  tlie  Rio  Santa  Maria,  —  fliat  extends 
westward  among  gneiss  hills.  On  the  soutli  side  of  the  bay 
is  an  irregular  conical  gneiss  hill,  some  700  feet  high, 
called  Monte  Moreno,  forming  a  rocky  point.  "West  of  tliis, 
and  separated  only  by  a  short  sand-beach  and  a  small  stream 
coming  from  the  swamps  to  the  southward,  is  another  coni- 
cal hill,  some  four  hundred  feet  high,  crowned  by  tlie  pictu- 

*  Tschudi  {Eeisen,  etc.,  Drittev  Band,  8"  Seile)  givoa  as  tJie  mean  aiininal 
tempcrattire  tbc  the  locality  -I-I8  IWaumnr  =  70,50  Tnbr. 

t  St.  HUaira,  in  speaking  of  the  sandy  plnins  between  Jecil  and  Victoria, 
Bays  that  tho  regBtation  covering  them  resembles  in  many  points  that  of  tlio 
olevaleil  plalcans  of  Minas  Novas.    {Tome  II.  2"  ParUe,  p,  229.) 
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resque  pile  of  the  convent  of  Nossa  Senhora  da  Pcnba.  WesI; 
of  this,  between  the  Morro  de  Nossa  Seiihora  da  Peiiha  and 
high  gneiss  hills,  is  the  deep  cove  of  Villa  VeUia,  witli  the 
ancient  village  of  the  same  name  built  on  tlie  edge  of  the 
sand-plain.  Westward  of  this  cove  the  shore  stretches  to 
tlie  PS-o  de  Assucar,  along  the  southern  side  of  the  channel 
of  the  Santa  Maria.  It  consists  of  a  number  of  high  roclcy 
points,  united  by  mud-flats  and  sand-beaches.  The  oppo- 
site shore  of  the  channel  is  of  the  same  general  character. 
North  of  Monte  Moreno  and  of  tlie  mouth  of  the  channel 
ai'e  two  more  bigli  gneiss  islands,  lying  one  north  of  the 
other.  Tliere  ai-e,  besides,  many  smaller  ones,  together 
with  a  number  of  rocks  and  skerries,  and  tlie  channel  is 
obstructed  near  tlie  Pao  de  Assucar  by  islands  and  rocks. 
The  P5o  de  Assucar  is  a  precipitous,  irregularly  conical 
gneiss  hill,  400  to  500  feet  high,  falling  off  to  the  north, 
pi-esenting  to  tlie  channel  a  smooth,  almost  vertical,  face. 
Here,  by  the  projection  of  a  point  from  the  nortliem  side, 
the  channel  is  suddenly  nari'owed  down  to  a  width  of  only 
about  600  feet.  Passing  the  Pao,  the  channel  widens  out 
into  a  most  spacious  harbor,  and  on  the  northern  side,  in  a 
fine  amphitheatre  among  tlie  hills,  is  built  Uie  city  of  Vic- 
toria. Tliis  basin  extends  only  about  a  couple  of  miles  west 
of  the  PSo.  At  its  head  it  receives  the  waters  of  the  canal 
from  the  Jecu,  and  of  the  Rios  Crubixa  and  Santa  Maria,  A 
channel  extends  northward,  and,  uniting  the  mouths  of  sev- 
eral rivers,  passes  round  tlie  hills  of  Victoria  and  enters  the 
Bay  of  Bspirito  Santo,  thus  rendering  them  an  island.  This 
island  is  composed  of  gneiss,  is  very  high,  rugged,  and 
clothed  with  forest.  To  tlie  north  and  west  tlie  coun- 
try ia  a  plain,  whde  tho  shore  alone,  along  the  south  side 
of  the  bay  and  channel,  is  hilly.     The  hills  of  the  island 
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and  adjoining  mainland  then  form  an  isolated  group,  of 
which  tlie  main  mass  just  behind  the  city  must  be  fully  1,000 
feet  m  height.  The  channel  of  the  hai'bor  is  a  naiTOw  valley, 
which,  owing  to  its  rocky  sides,  has  been  easily  kept  open. 
The  gneiss  of  the  locality  is  very  homogeneous,  porphyi-itic, 
and  of  the  same  general  character  as  that  of  the  coast 
southward.  As  a  general  thing  the  hUls  are  dome-shajjed 
and  regularly  rounded,  as  is  represented  in  the  following 
sketcli,  but  sometimes  they  are  conical.  In  some  cases  one 
or  more  sides,  or  tlie  top,  is  bare  and  smooth,  as  is  the  case 
with  tlie  Pao  de  Assucar.     These  baro  surfaces  arc  almost 


always  rounded  with  remarkable  regulai-ity,  and  are  never 
jagged  and  angular,  like  our  northern  precipices,  or  tlie 
cliifs  on  the  SSo  Francisco,  below  the  falls  of  Paulo  Affonso. 
This  is  owing  to  tlie  uniform  decomposition  of  a  surface 
unbrolien  by  joints  or  planes  of  stratification ;  for  many  of 
these  mountains  are  actually  formed  of  a  single,  unbroken 
mass  of  gneiss.  The  cliffe  are  rarely  vertical,  and  not  mi- 
frequently  form  bare  places  on  a  mountain-side,  set  in  a 
framework  of  verdure.     Such  a  bare  slope  is  represented  in 
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tlie  following  sketch  of  the  Fortaleza  de  Peritininga,  below 
Yilla   Veiha,   Bay  of  Espirito  Santo.     They  are   usually 


stained  by  perpendicular  lines,  or  bands,  of  i  iidi  deep, 
inky,  pui"plisli-black  color,  being  some  minute  lichen 
growth,  and  covered  with  scattered  tufts  of  beautiful  bio- 
meliaceous  plants,  orchids,  cactuses,  &c.,  which  gne  them 
a  very  picturesque  appearance.  Just  below  the  city  of 
Victoria  proper  there  is  one  of  these  bare  hillsides,  which 
forms  an  exceedingly  attractive  element  in  tlie  romantic 
scenery  of  the  island. 

Standing  in  an  amphitheatre  among  the  beautiful  lulls, 
and  in  full  view  from  the  sea,  forming  a  most  valuable  land- 
mai-k  for  the  sailor,  is  a  conical  mountain,  bearmg  on  top  a 
tower-like  mass,  the  face  of  wliich  is  excavated  on  the  east- 
em  side  by  a  considerable  cavern,  in  which,  it  is  said,  in  old 
times  fugitive  slaves  took  refuge.  This  mountain  is  called 
Jutuquara,*  or  Frade  de  Sao  Leopardo,  according  to  Mouchez. 
Its  height  must  be  700  feet  at  least,  probably  more.  It  is 
represented  in  the  sketch  on  the  preceding  page.    The  gneiss 

**  Printe  Nen  Wied  gives  n  wretched  drawing  of  tills  mountain  in  his  work. 
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liilla,  down  to  a  certain  level,  are  covered,  as  m  the  soutli,by 
drift  clay,  in  -which  are  imbedded  rounded  and  angular  fi.'ag- 
ments  of  quartz  and  gneiss.  This  fonns  a  rather  coarae 
and  arenaceous  soil,  which  is  not  so  feiHile  as  tlie  drift  soils 
of  Rio.  Decomposition  obtains  here  as  elsewhere.  The 
rocky  shores  and  islands  of  the  bay  are  lined  with  rounded 
masses  of  gneiss,  often  of  immense  size,  and  which,  lying 
loosely  about,  have  all  the  appearance  of  erratic  boulders. 
Similar  masses  we  have  already  found  on  the  shores  of  Pa- 
quetd  and  many  of  the  other  islands  in  Eio  harbor.  Some- 
times these  boulders  of  decomposition  ai'e  seen  perched  inse- 
curely on  tlie  tops  of  other  rocks,  as  is  the  case  near  Uie  PSo 
de  Asaucar.  I  liave  seen  no  locality  whore  tlie  formation  of 
these  boulders  is  better  exemplified  than  here.  On  the  hill- 
sides the  surface  of  projecting  rock-masses  undergoes  a  sort 
of  softening,  wliich  causes  it  to  separate  from  the  undeeom- 
posed  rock  beneath,  and  break  up  into  in-egular  fi-agments  by 
the  formation  of  a  system  of  cracks.  Tlirough  these  fissures 
the  water  finds  access.  Each  one  of  the  fragments  decom- 
poses all  round,  and  the  loose  decomposed  material  being 
washed  away,  these  masses  become  rounded,  separate  more 
and  more   from  one  another,  and  sometimes   fall  over,  so 
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as  to  lie  on  Uio  sui'face  of  the  soil.  One  must  therefore 
be  exceeLlingly  careful  not  to  make  blunders  in  examining 
tbem.  The  loose  rocks  lying  on  the  side  of  the  Morro  de 
Nossa  Senhora  da  Penha,  and  carefully  represented  in  t!ie 
accompanying  ^dew,  are  boulders  of  decomposition.  Where 
flie  rock  undergohig  decomposition  is  on  tlie  sea^siiore, 
and  tlie  action  of  the  ■waves  assists  in  the  removal  of  the  . 
decomposed  material  as  soon  as  formed,  tlic  effects  produced 
may  be  Bfill  more  strildng.  The  easternmost  extremity  of 
the  Ilha  do  Eoi,  just  opposite  the  Penha,  is  a  projecting, 
sloping  mass  of  compact  gneiss,  as  represented  in  t!ie  follow- 
ing rough  sketch.     The  whole  surface  of  tlie  gneiss  is  soft- 


encd  t)  a  d  pth  of  se-\eral  feet,  and  h-te  shrunk  endiel-^ 
away  fiom  the  und  composed  rock  This  sheet  lia-b  ciaoke  1 
tlirough  pel pendicularly  to  the  surface,  and  coveis  the  look 
below  like  a  pavement  Tlie  octnn  of  the  waves  hT<  is 
represented  removed  these  loo'<e  fiagmenta  Irom  oiei  a 
considerable  aiea,  which  is  left  veiy  legularlj  rounded  and 
uncracked.  In  other  locahties  tins  decomposition  and  denu- 
dation have  gone  on  until  only  a  few  of  the  heavier  blocks  arc 


d  by  Google 


,db,Google 


,db,Google 


PROVINCE  OF   ESPIEITO   SANTO. 


71 


left  on  the  surface,  pfeseiitiug  tiio  appearance  of  erratics. 
On  the  I'ocks  known  as  tlie  Pacotes,  lying  a  little  to  the 
southward  of  the  bay,  off  the  coast,  several  large  boulders 
of  this  kind  are  seen  lying,  presenting  the  appeai-ance  of 
buildings.  It  might  be  objected  to  our  theory  of  the  glacial 
origin  of  fclie  Brazilian  surface-clays  and  pebbles  tliat  tliey 
were  formed  by  a  decomposition  of  this  kind  along  the 
shore  of  a  slowly  sinking  continent.  This  would  never  pro- 
duce such  a  coating  of  clay  as  forms  the  drift  of  Brazil, 
and  there  would  certainly  be  associated  witli  Hie  deposits 
stratified  sands  and  gravels  and  silts,  which  are  nowhere 
to  be  found.  Farther  on  we  shall  discuss  in  detail  tlie  whole 
subject  of  Brazilian  drift. 

Along  the  northwestern  face  of  tlie  Pao  do  Assuoar  runs 
an  irregular  horizontal  line,  as  represented  in  the  woodcut  be- 
low.    This  lino  consists  of  a  series  of  very  shallow  hollows, 


sometimes  continuous,  and  evidently  woi-n  by  wave-action 
witliiu  comparatively  recent  times,  niis  oldwavc-llnc  is  not 
traceable  along  tlio  whole  extent  of  the  cliff',     I  first  ob- 
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served  it  in  the  latter  part  of  August,  1865.  In  September, 
1867,  I  revisited  the  locality  shortly  after  a  tide  of  the  full 
moon,  which  had  left  a  well-marked  muddy  line  running 
around  the  base  of  the  Pao  de  Assucar,  and  which  the  suc- 
ceeding tides  had  not  reached.  Measuring  as  nearly  as  I 
could  from  the  middle  of  the  wave-line,  tlie  mean  of  two 
measurements  gave  me  as  tlie  height  of  the  old  water- 
level  above  the  high-tide  level  of  the  13th  September  3.18 
metres,  or  a  little  more  than  seven  feet,  Fi-om  the  old  line 
to  tlie  upper  edge  of  the  zone  of  oysters  ia  S,56  metres. 
Ou  the  face  of  the  cliff  of  the  Pao,  in  a  little  cove  on  the 
western  side,  I  cut  a  groove  witli  my  chisel  indicating  the 
height  reached  by  tlie  tide  of  the  13th  September,  1867. 
This  same  old  water-line  may  be  seen  in  several  places  on 
the  rocks  on  the  opposite  side  of  tlie  channel  below  the  PSo 
de  Assucar,  as  well  as  on  the  face  of  a  cliff  at  the  western 
end  of  tlie  beach  at  Villa  Yelha,  where,  as  nearly  as  I  conid 
judge,  it  had  the  same  height  above  the  sea.  This  wave- 
line  marks  a  period  of  rest  when  the  continent,  stand- 
ing for  some  time  at  the  same  level,  gave  an  opportunity 
for  the  little  waves  of  the  sheltered  port  to  excavate  the 
line.  No  such  line  marks  the  present  searlevel,  and  I 
infer,  from  tliat  and  other  facts,  tliat  the  land  is  at  present 
rising. 

The  water  in  tlie  middle  of  the  bay  is  very  shallow,  and  the 
bottom  appears  to  be  a  bank  that  comes  so  near  to  the  surface 
tliat  the  sea  sometimes  breaks  over  it.  Between  the  Moreno 
and  Point  TubarSo  tlie  average  depth  is  about  fifteen  metres. 
Tlie  depth  decreases  on  entering  the  channel  between  the  lUia 
do  Boi  and  Monte  Morfino,  where  it  is  from  four  to  nine  metres. 
As  the  channel  contracts  the  deptli  increases,  and  just  below 
tlie  Pao  de  Assucar  it  reaches  twenty-four  metres,  while  in  the 
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narro-west  point,  at  tlie  PSo  de  Assucar,  it  is  sixteen  metres. 
In  front  of  the  town  the  deptli  varies  from  sis  to  ten  metres, 
and  an  excellent  and  spacious  anchorage-ground  is  offered. 
Tlie  water  opposite  tlie  town  is  turbid,  and  the  littoral  famia 
is  characterized  by  an  abuudancQ  of  oysters,  covering  tlie 
rocks  and  piera  and  mangroves,  to  ■witliiii  a  few  inches  of 
higli-wat«r  mark.  This  is  a  very  small  species,  with  exceed- 
ingly sharp,  wavy  edges,  and  used  for  food  in  Victoria.  The 
coves  between  tlie  rocky  pomts  along  Oie  channel  above  the 
bay  of  Villa  Velha  are  muddy,  and  often  lined  by  mangroves. 
Going  down  the  channel  the  oysters  grow  less  numerous, 
and  give  way  to  barnacles  and  mussels.  On  tlie  noi'tli  side 
of  the  cove  at  Villa  Velha  the  arrangement  of  the  principal 
elements  of  the  littoral  fauna  is  as  is  represented  in  the 
following  diagram. 


a.  Zone  of  smiill  bornnclfis,  broadtli  tliieo  to  four  inches. 

b.  Little  blnck  mussels,  nil  reatliijig  tlio  siime  upper  le^el,  bnt  foiming  ii-ragukc 
patches,  extending  in  some  p!acB8  as  far  as  a  metre  below  high-tide  ranrk. 

e.  Large  scattered  barnacles,  and  green  sea-weeds  (  OTtra). 
d.  Coarse  brown  sea-weeds,  corallines,  &o.,  and  oysters. 

The  sea-Tirchms  begm  above  d,  and  extend  below  low  water  mark,  but  their 
nnlanajited  nests  ocenr  np  to,  and  beyond  Mgh-water  mark. 

On  the  beach  at  Villa  Velha,  particularly  near  the  woat- 
em  end,  dead  corals  are  thrown  up  in  great  numbers.  In- 
deed, they  ai-e  more  abmidant  there  than  on  any  other  Soutli 
American  beach  I  have  seen.  Tlie  commonest  species  is  the 
Mussa  Hariiii  Verrill,  which  is  thrown  up  by  the  waves  in 
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great  quantities,  and  evidently  grows  in  the  immediate 
vicinity ;  but  owing  to  (Jic  muddincss  of  tlie  watera  of  tlie 
cove  I  could  not,  in  the  absence  of  a  dredge,  find  it  alive. 
It  is  usually  drifted  ashore  attached  to  sea-weeds.  So  abun- 
dant is  it  in  the  muddy  beach  at  low  tide  tiiat  it  is  collected 
by  the  inhabitants  of  the  Villa  for  lime-making,  and  is  called 
cachimbo,  or  "  pipe-stem."  This  species  is  aimoat  invariably 
incmsted  -with  beautiful  Bryozoa.  On  the  same  beach  occurs 
a  species  of  SiderastreBa,  and  a  Pectinia,  or  Byviphyllia,  none 
of  wliich  I  have  obsei-ved  living  in  tlie  bay.  I  have  seen  in  tlie 
sands  underlying  the  muddy  shores  farther  up  the  bay  shells 
and  corals  which  cannot  now  live  in  tlie  turbid  and  brack- 
ish water.  Before  the  rise  of  the  land  the  bay  extended 
farther  on  botli  sides.  The  river  has  since  narrowed  its 
channel,  and  the  turbid  waters  have  driven  down  the  coral 
fauna  nearer  tlie  mouth  of  tlie  bay.  I  doubt  whetlier  the 
MusscB  are  now  to  be  found  living  at  Villa  Velha.  I  believe 
that  the  specimens  on  tlie  shore  have  been  long  dead,  and 
are  thrown  up  by  storms.  Leaving  Villa  Velha,  and  going 
down  the  bay,  the  oysters  disappear  as  the  shore  becomes 
more  exposed.  Outside  the  harbor,  and  at  the  base  of  Monte 
Moreno,  is  a  little  island  called  Lha  BalSeiro.  The  tide- 
pools  of  this  island  and  of  the  adjoining  shore  are  rich 
in  corals,  and  at  low  tide  one  may  collect  Hymenogorgia, 
EunicicB,  Plexaurellw,  and  all  tlie  species  common  at  Guara- 
pary.  I  am  not  aware  of  the  existence  of  any  coral-banks 
ill  the  bay  and  vicinity.  The  Bay  of  Victoria  would  be  a 
rich  ground  for  dredging,  and  ao  would  be  t!ie  banks  lying 
off  the  harbor.  In  fishing  I  have  brought  up  on  the  hook 
masses  of  nullipores,  &c.,  loaded  with  life,  and  at  tlie  mouth 
of  the  bay  I  captured  in  this  way  a  large  many-rayed  star- 
fish.    Victoria  appears  to  have  a  reputation  as  a  locality 
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for  shells ;  but  tlie  littoral  moUusk  fauna  of  Brazil  ia  very- 
poor,  and  the  shells  of  the  beaches  are  badly  broken  and 
wom.* 

The  Eio  Crubisa  enters  the  harbor  of  Victoria  just  above 
tlie  city.  According  to  tlie  Diccionario  Geogrqfico,  "  it  de- 
scends from  the  Cordilheira  dos  Aimor6s  among  rocks, 
amongst  -wbich  is  found  a  certain  species  of  coral  of  a. 
dark  color  and  fragile,  with  which  the  Botocudo  women 
are  accustomed  to  decorate  their  heads,  necks,  arms,  and 
legs." 

Tlie  E.io  Santa  Mai'ia  is  a  much  larger  stream,  which 
rises  some  fifty  miles,  more  or  less,  northwest  of  Victoria, 
in  the  Serra  dos  Aimor^a. 

On  the  Bio  Santa  Maria  is  located  the  colony  of  Santa 
Leopoldina,  aiid  as  tlie  history  of  the  colony  and  of  the 
country  where  it  is  situated  lias  an  especial  interest  at  this 

*  I  find  in  one  of  the  letters  of  the  celebrated 
ment  that  the  manati  ocetin  ba        Esp  an  sc 

"De  Bove  MiRiNO,  —  H  ra  te    po  m  ha    ran 


corpus  eat  compactvun."  —  Coilec^So  de  noCidaa  para  a  histma  e  geographia 
nafoes  ullramarintts.     Llsboa,  1812. 
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time,  when  effoi'ts  are  being  made  to  colonize  tlie  Brazil- 
ian coast,  I  ti'anslate  the  following  from  an  account  of  a 
visit  to  the  colony  by  Von  Tschudi.*  He  says:  "We 
crossed  swiftly  the  LajneirSo  of  the  bay  and  steered  into  tlie 
river  Santa  Maria.  Its  current  is  quite  slow,  and  offers,  con- 
sequently,nopai'ticularlnndi'anee  to  the  ascent.  Not  far  from 
its  mouth  it  receives  from  its  left  bank  the  little  river  Oara- 
pina,  and  somewhat  fartlier  west  lies,  on  the  right  bank,  the 
Poi-to  da  Pcdra,  consisting  of  a  couple  of  houses  and  a  large 
venda.     Up  to  tliis  point  there  is  sufficient  water,  even  for 

steamers  of   moderate  draft Following   the   many 

windings  of  the  river  in  ascending  it  to  the  north-northwest, 
we  reached,  after  an  eight  bom's'  journey,  the  junction  of 
the  river  Mangarahyba  witli  the  Bio  Santa  Maria.  The  lo- 
cality becomes,  the  farther  up  tlie  sti-eam  one  goes,  more 
and  more  hiUy.  Tlie  banks  of  the  river  tliemselves,  where 
tlie  character  of  the  lands  allows,  are  in  part  inhabited  by 
Brazilians,  who  have  here  laid  out  little  fazendas  and  occupy 
themselves  principally  with  the  raising  of  horses  and  cattle. 
The  affluents  of  tlie  Santa  Maria  are  very  unimportant. 
From  the  south  there  empty  into  it  the  Eio  Curip^,  the  Rio 
Tauhd,,  tlie  Rio  Una,  and  several  otlier  brooks  whose  names 
I  have  forgotten ;  on  tlie  north  the  Eio  Jacuhy,  Rio  Trame- 
rim,  (Jatamerim  ?)  and  a  couple  of  entirely  unimportant 
little  rivers  near  tlie  settlements  Muriiilio,  Aruaba,  and  Pen- 
diuca.  A  ratlier  extensive  property  is  that  of  Senlior  JosiS 
de  Quoimado  on  tlie  left  bank,  several  miles  up  tlie  stream 
from  Porto  da  Pedra ;  over  against  it  several  little  islands 
stand  out  upon  the  surface  of  the  stream.  Likewise  on  tlie 
nortliem  bank  lies  the  hamlet  of  Santa  Maria,  distant  some 
seven  to  eight  leagues  above  the  moutli  of  the  sti'oam,  from 
*  Von  Tsclradi,  Reisea  dwch  Bradlim,  DiIlKi'  Biind,  Cop.  I. 
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wliich  it  takes  its  name.  Where  the  Rio  Maiigarahy  unites, 
or  makes  ba/rra  with  the  Saiita  Maria,  lies  the  esteiisive 
fazenda  of  Jos6  Claudio  de  Freitas.  From  this  estate  up  the 
river  the  Eio  Maiigaraliy  is  navigable  for  boats  only  a  short 
distance.  The  navigability  of  the  Rio  Santa  Maria  ends  at 
about  one  league  from  the  mouth  of  the  Rio  Mangaraliy  at 
tlie  Cachoeira  de  Joa^,  above  ■which  rocks  make  tlie  channel 
of  the  river  impassable 

"  The  Rio  Santa  Mai'ja  rises  westward  from  the  colony  of 
Santa  Leopoldina  in  a  mountain  range,  on  ivhose  western 
slope  are  the  sources  of  several  of  tlie  tributaries  of  the  Rio 
Doce.  It  first  becomes  important  after  receiving  the  river 
Mangarahy.  Tliis  last  is  formed  of  a  number  of  mountain 
brooks,  of  which  tlie  greater  part  rise  in  the  southern  part 
of  the  colony.  It  receives  two  larger  tributaries  on  tlie 
south,  one  of  wliich,  tlie  Rio  do  Medio,  bounds  tlie  colony  on 
the  soutli,  and  the  other,  considerably  smaller,  on  the  east ; 
the  Brazo  do  Sul  takes  its  rise  beyond  tlie  colony.  Its  nortli- 
ern  tributaries  are  veiy  numerous,  but  are  only  worthy  of  the 
name  of  brooks.  The  most  considerable  ai'e  tlie  RiberSo  da 
Sumaca,  Corrego  Isabel,"  &c.,  &c. 

"  Tlie  margins  of  the  Rio  Mangarahy,  from  its  union  witli 
the  Rio  Santa  Maria  to  the  colony,  are  quite  thickly  inhab- 
ited by  an  agricultural  population,  and  much  more  consider- 
ably tlian  those  of  the  main  river,  because  tlie  locality  here 
repays  labor  better.  It  appears  that  on  certain  places  on  the 
head-waters  of  the  Rio  Mangarahy  traces  of  wash-gold  were 
found ;  at  least  tlie  names  California  de  Dentro  (in  tlie 
colony),  and  California  de  Fora  on  the  southern  bank  of  tlie 
Rio  do  Meio,  would  indicate  it.  The  colony  was  founded 
in  1857  by  Germans,  who  settled  on  the  Santa  Maria,  and 
its  branch,  the  Riberao  dasFarinlias.     This  choice  of  locality 
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proving  injudicious,  another  spot  farther  south,  near  the  Quar- 
tel  Bragaiiza,wa3  chosen,  and  settled  also  witli  Germans ;  but, 
througli  tlie  worst  possible  management  on  the  part  of  gov- 
ernment employes,  as  well  as  the  bad  quality  of  the  lands,  the 
colony  became  demoralizecl,  and  has  been  a  failure." 

"  The  territory  of  Santa  Leopoldina  is  composed  of  quite 
high,  for  the  most  part  steep,  mountains  and  narrow  valleys, 
rarely  broader  than  the  channel  of  the  river  which  flows 
tlirougb  it.  Tlie  soil  consists  principally  of  quartz  sand,  tlie 
surface  soil,  usually  two  to  three  inches  tliick,  is  held  to- 
gether by  a  networli  of  fine  roots  with  some  humus.  Only 
in  certain  places,  where  one  of  the  valleys  widens  somewhat 
near  a  stream,  layers  of  rich  soil  brought  down  from  the 
momitains  are  found,  and  here,  naturally,  is  also  tlie  great- 
est fertility.  The  national  custom  of  preparing  the  soil  for 
the  first  cultivation,  by  axe  and  fire,  is,  for  situations  like 
tliose  of  Santa  Leopoldina,  tlie  most  destructive.  The  heavy 
fire  from  the  burning  of  tbe  felled  forests  destroys  partially 
the  layer  of  humus  and  organic  substances,  and  altliougli 
ashes  remain  as  nourishment  for  the  future  harvest,  it  is  at 
the  same  time  deprived  of  quite  a  deep  layer  of  soil  in  which 
it  can  take  root,  and  which,  in  addition,  tlie  moisture  binds 
together,  Tlirough  tbe  cutting  down  of  the  trees  the  steep 
mountain  slopes  are  exposed  to  tlie  full  influence  of  tbe 
tropical  rains,  and  through  these  tlie  best  part  of  the  culti- 
vated fields  is  washed  away  and  carried  to  the  Rio  Santa 
Maria,  which  finally  deposits  it  in  the  Lameirao  of  the  Bay 
of  Victoria.  It  is  a  well-established  fact  that  in  Santa  Leo- 
poldina tbe  soil,  through  culture,  becomes  more  quickly  un- 
fruitful than  in  any  other  colony.  The  forests  with  which 
tbe  mountains  of  Santa  Leopoldina  arc  covered  do  not  pre- 
sent tbe  same  majestic  appearance  as  those  of  the  north  and 
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soiitli  of  the  province.  Tliey  have  much  more  tlie  appear- 
ance of  a  weak  second  growth  (Capoeiras)  than  of  a  rirgui 
forest,  AU  those  plants  which,  to  tlie  practised  eye  of  the 
Brazihan  huabaudman,  bespeak  a  fruitful  soil, — such  as  the 
Pao  d'Alho  (Garlic-tree),  Jacarandd  (Rosewood),  Taquara- 
assu  (Bamboo),  &c.,— eitlier  do  not  appear,  or  are  rep- 
resented by  very  feeble  specimens.  The  cultivated  plants 
correspond  in  their  development  witli  the  forest  vegetation. 
The  corn  remains  low,  and  ordinarily  produces  small  ears. 
The  stalks  often  dry  up  before  tlie  ears  make  their  appear- 
ance. Tlie  roots  of  tlie  mandioca  are  smaller  in  the  second 
year  than  they  are  hi  the  other  colonies,  and  frequently  be- 
come, according  to  tlie  testimony  of  the  colonists,  black  and 
useless,  which  fact  is  to  be  accounted  for  by  the  want  of  an 
adequate  tliickness  of  humus.  The  black  beans  fail  entirely. 
Equally  unfavorable  is  tlie  character  of  the  soil  for  the  growtli 
of  the  coffee-tree  ;  in  the  first  year,  while  it  yet  needs  but  lit- 
tle nourishment,  it  grows  very  favorably ;  but  in  the  second  it 
sickens,  and,  as  a  rule,  gives  out.  Colonists  who  had  set 
out  1,000  to  1,200  coffee-trees,  possessed  at  the  end  of  the 
second  year  only  a  couple  of  hundred,  and  so  soon  as  these, 
on  the  following  year,  had  bloomed,  and  the  frait  had  set, 
the  leaves  rolled  up,  fell,  and  the  little  trees,  without  ex- 
ception, gave  out." 

While  in  Victoria  I  met  numbers  of  colonists  from  Santa 
Leopoldina,  and  all  told  tlie  same  story.*  Tliere  can  be  no 
doubt  tliat  a  lamentable  mistake  was  committed  in  establish- 
ing the  colony  in  so  wretched  a  region.     The  lands  of  the 

*  There  is  a  alrong  prejudice  against  Germana  in  this  pavt  of  tlie  conntry. 
Tliej  are  represented  ae  idle  and  giycn  to  drinliing,  and  I  am  very  aorvy  to 
Bay  thill  it  is  Miy  conijvmed  hy  my  flcqnaintance  with  those  colonists  I  met  in 
Victovia,    Elsewhere  the  Gemvans  laafea  good  oolonists. 
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central  part  of  the  province  of  Espirito  Santo  are  very  poor, 
whereas  tliose  of  the  north  and  eoutli  are  very  fertile  ;  and 
Victoria,  though  possessed  of  a  most  excellent  harhor,  -will 
never  in  itself,  in  all  probability,  become  a  place  of  much 
importance  because  of  the  want  of  fertility  of  tlie  sur- 
rounding country,  and  the  impracticability  of  making 
it  one  of  the  porta  of  the  province  of  Muias  Geraes. 
There  are  some  good  lands,  as  I  shall  have  occasion  to 
show,  lying  to  the  nortlieast,  and  the  as  yet  undeveloped 
agricultural  regions  of  the  Rio  Doce  are  distant  only  some 
sixty  miles.  The  cutthig  of  a  canal  to  unite  the  Doce  by 
water  with  Victoria  has  been  advocated,  but  in  my  judgment 
it  is  not  practicable.  In  the  event  of  the  successful  coloniza- 
tion of  Hie  Doce,  a  railroad  to  some  point  on  that  river  could 
easily  be  constructed,  so  far  as  tlie  physical  diflicultiea  to  be 
encountered  are  to  be  considered.  The  moutli  of  tlie  Doce 
is  so  dangerous  to  enter  that  it  will  never  answer  as  a  iKirt, 
and  the  Rio  Sao  Matheos,  lying  to  the  north,  though  it  may 
be  entered  by  small  vessels  and  steamers,  is,  after  all,  ill 
suited  to  be  the  port  of  the  Doce.  By  making  Victoria  the 
outlet  of  the  commerce  of  the  Doce  many  advantages  will  be 
gained.  SSo  Matheos  will  never  answer  as  a  port  for  a 
foreign  trade.  The  products  of  that  region,  as  well  as  of 
the  Doce,  are  more  liliely  to  go  to  Rio  than  elsewhere  for 
final  sliipment  to  foreign  ports,  and  this  trade  is  now  carried 
on  in  small  vessels  and  coasting  steamers,  Tlie  voyage 
from  Eio  to  SSo  Matheos,  though  often  very  short,  is  uncer- 
tain, owing  to  tlie  prevalence  of  northeast  winds,  and  the 
passage  of  the  point  of  the  Doce  is  often  difficult.  By  mak- 
ing Victoria  the  port,  the  voyage  to  Eio  would  be  shortened 
one  hundred  miles  at  least,  and  made  very  much  more  easy, 
while  Victoria,  being  a  port  ■  admitting  ships  of  large  ton- 
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nage,  might  be  made  tlio  centre  of  a  direct  trade  with  foreign 
ports. 

At  present  the  province  of  Espirito  Santo,  though 
possessing  ahmidantly  the  sources  of  wealth,  is  one  of 
the  poorest  and  most  wretclied  of  the  Empire.  The 
water  bordering  the  coast  is  very  shallow,  and  just  off 
Yictoria  are  the  extensive  banks  of  Tictoria,  which  are 
very  rich  in  fish,  especially  gwrimpas,  pi^rgos,  vermeUios 
(species  of  Serramis'),  &c.,  and  they  are  much  resorted  to  by 
the  frshermen  of  the  coast,  especially  from  Guarapary  ;  but 
such  is  the  sloth  of  tlie  fishing  population  that  nothing  is 
done  to  develop  this  mine  of  wealth,  and  the  Victorienses 
eat  codfish  and  European  sa/rdines  when  tliey  might  export 
fish  to  Eiu:ope  ! 

I  had  an  opportunity  of  fishing  one  day  on  tliese  banks, 
and  can  testify  to  tlie  abundance  of  the  fish,  but  I  had  no 
oppoi'tuuity  of  dredging ;  occasionally,  as  above  remarked, 
the  hooks  brought  up  masses  of  nullipore  rich  in  life,  and 
from  a  depth  of  some  fifty  feet  I  collected  in  this  way  a 
species  of  Pterogorgia,  apparently  new. 

On  the  norttiem  side  of  the  island  of  Victoria  is,  as  al- 
ready remarked,  a  tidal  channel  running  westward  and  com- 
municating witli  the  Rio  Santa  Maria.  Tliis  channel  is  seen 
in  tlie  accompanying  engravmg  of  the  Morro  de  Mestre  Al- 
varo.  It  receives  and  carries  to  the  sea  a  part  at  least  of 
tlie  water  of  the  Santa  Maria  and  of  the  river  westward.  It 
is  but  an  estuaiy,  its  waters  ebbing  and  flowing  witli  Hie  tide. 
It  la  very  turbid,  and  oysters  grow  along  its  banks  for  a 
long  distance  above  the  Passagem.  I  am  not  aware  that 
it  is  ever  used  for  tlie  purposes  of  navigation.  Nortliward  of 
this  channel  are  a  few  gneiss  hills,  and  thence  to  tlie  grand 
mountain  mass  of  the  Morro  da  Serra,  or  Mestre  Alvai'O, 
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stretches  a  saiid-plain  which  extends  eastward  to  the  Ponta 
do  Tubarao  and  westwai-d  to  tlie  Rio  Santa  Maria,  bounded 
on  the  north  by  the  seiTa  and  the  steep  slope  of  the  edges 
of  the  tertiary  strata,  which  lie  between  the  serra  and  the  sea- 
coast,  as  seen  in  the  engraying.  This  plain  consists  on  tlie 
surface  of  coarse  white  sand  without  shells.  The  absence  of 
sea-shells  from  these  marine  deposits  appears  remarkable  at 
first  sight,  but  it  is  no  doubt  largely  owing  to  the  fact  tliat 
tliey  have  been  dissolved  out  by  rains.  "Where  these  plains 
have  been  cut  through  by  i-ivers,  shells  are  seen  in  the  lowest 
beds,  as,  for  instance,  on  the  left  bank  of  the  Itabapuana, 
a  few  miles  above  the  Barra.  The  plain  north  of  Victoria 
beai-s  the  same  kind  of  vegetation  as  that  which  character- 
izes the  plains  farther  soutli.  Just  previous  to  the  last  rise 
of  the  land  these  plains  were  under  water,  and  tlie  hills 
of  tlie  Victoria  gi'onp  stood  as  islands  in  the  mouth  of 
a  bay. 

Crossing  the  sand-plains,  a  steep  ascent  of  about  fifty  feet 
at  Cai-apina  brings  one  to  the  level  of  the  tertiary  plains, 
where  one  leaves  tlie  sands,  Tliese  plains  are  covered  by  a 
clayey  soil  varying  much  in  fertility.  Near  Carapina  there 
are  some  lands  available  for  cultivation,  and  part  of  the  plain 
is  covered  by  ti'ees.  At  Carapina  the  soil  is  clayey,  with 
very  little  sand,  and  of  a  slate-blue  color ;  but  going  east^ 
■ward  toward  the  sea  the  soil  grows  drier  and  more  sterile. 
The  trees  are  very  scattered  and  coarse-barked,  and  when  in 
clumps  are  free  firom  undergrowth.  The  open  plain  is  covered 
by  a  scanty  growth  of  tall  coarse  grass,  and  is  diversified  by 
great  numbers  of  ant-hills,  —  iiTcgularly  dome-shaped  strac- 
tures  of  clay,  often  quite  round,  as  hard  as  stone,  and  resem- 
bling boulders  scattered  over  the  plain.  I  presume  that  tlie 
character  of  the  vegetation  over  this  region  is,  as  elsewhere, 
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in  part  due  to  fires,  which,  periodically  set  by  the  inhabi- 
tants, have  killed  all  except  the  most  hardy  trees  and  otlier 
plants.  The  Rio  Cai-aliypo  is  a  little  stream  wliich  rises, 
according  to  G«rber's  map,  to  the  northwest  of  the  setra ; 
but  according  to  my  notes  and  observatdone  it  takes  its  origin 
in  the  hills  north  of  the  serra,  and,  traversing  tJie  plain, 
reaches  the  sea  a  few  miles  nortli  of  the  Ponta  do  TubarSo. 
It  is  only  a  respectable  brook,  of  no  service  for  navigation, 
unless  it  be  for  canoes.  It  has  cut  down  through  (lie  ter- 
tiary beds,  and  has  a  rather  deep  channel.  Its  valley  is 
nai'row,  witli  steep  sides.  Neai'  the  town  of  Serra  the  valley 
is  about  one  hundred  feet  in  depth,  showing  tliat  the  ter- 
tiary clays,  lying  against  a  sloping  bottom,  probably  also 
tliickening  towai'ds  the  hills,  fonn  beds  that  slope  gently 
from  tlie  hills  to  the  sea.  In  some  localities  near  Serra 
gneiss  is  exposed  in  the  bottom  of  the  river.  Near  the 
hUls  the  surface  is  irregular,  and  the  plain  becomes  lui- 
dulatiug  and  broken,  —  the  result,  I  believe,  of  the  action 
of  glaciers,  as  well  as  of  streams,  from  the  hiUs.  The 
soils  of  the  tertiaiy  lands  bordering  the  high  grounds, 
as  in  tlie  vicinity  of  Serra  and  along  the  Rio  Eeis  Magos,  a 
few  miles  from  its  mouth,  are  quite  good,  and  are  used  for 
the  culture  of  coffee,  cotton,  &c.  The  forests  of  these  regions 
are  more  luxuriant  tlian  is  elsewhei-e  the  case  on  tlie  plams. 
Lying  to  the  north  of  tlie  river,  and  not  far  from  the  shore, 
is  tlie  large  and  shallow  Lag9a  Jacun^,  which  during  heavy 
rains  overflows  and  sends  its  waters  into  the  Carahype,  at 
which  time  that  river  widens  its  cliaimel  and  opens  its 
bai\ 

The  Mestre  Alvaro,  or  the  Morro  da  Serra,  is  an  isolated, 
irregidarly  pyramidal  mountain-mass  of  gneiss  standing  in 
the  gneiss  plain  a  few  miles  northwest  of  Victoria,  and 
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presenting  on  all  sides  Tcry  similar  outlines.  Its  heigiit  I 
should  estimate  at  about  3,500  feet.  It  stands  like  a 
pyramid  on  the  plain,  majestic  and  alone.  More  pleas- 
ing and  symmetiieal  in  outline,  and  more  isolated  in  its 
position,  it  is  more  beautiful  tlian  Tijuca  ;  and,  seen  from 
tlie  sea,  it  looms  tip  grand  and  blue  against  the  tropical  sky 
and  the  far-off  line  of  serras,  which  ho  along  tlie  horizon  hke 
tlie  front  of  an  approaching  storm.  It  is  densely  covered 
with  forest,  hut  on  its  slopes  are  extensive  coffee-plantations, 
which  yield  weU.  The  Diccionario  Geografico  says  that  for- 
merly emeralds  and  magnetic  iron  were  found  there.*  In  very 
striking  contrast  with  tlie  quiet,  sans  souci  air  of  Victoria,  with 
its  grass-grown  streets,  is  the  little  village  of  Sen-a,  which, 
owing  to  its  being  situated  in  an  agricultural  region,  is  one 
of  tlie  most  business-lilte  towns  in  the  province  of  Espirito 
Santo.  This  little  town  is  built  near  tlie  base  of  the  hills 
on  tlie  northeast  side  of  the  Mestre  Alvaro.  I  was  told  that 
water  communication  existed  between  it  and  the  Bay  of  Vic- 
toria, but  my  Tisit  to  the  locality  was  rather  liasty,  and  tliis 
may  not  be  correct.  Northwai-d  of  the  Mestre  Alvaro 
are  a  few  gneiss  liOls  stretchuig  in  a  line  toward  tlie  Bio 
dos  Eeis  Magos.  West  of  the  Mestre  there  is  much  low 
land.  The  appearance  of  the  coast  from  Victoria  to  within 
a  few  miles  of  the  Eio  Doce,  a  distance  of  neai-ly  fifty  miles, 
as  seen  from  a  point  at  sea  about  ten  miles  east  of  Riacho, 
is  given  in  the  accompanying  illustration.  The  main  Serra 
dos  Aimor^s  is  seen  in  the  background,  stretching  along  like 

*  Sflint  Hilaire  ascended  (lie  Mestre  Alvaro  He  speaks  of  meetini;  with  the 
bftmboo  Taqmm-assd  in  tlie  foiest,  at  a  cooBidtrnMe  iJevation  aboye  the  plain, 
and  remai'lis  that  theee  planM  require  humidity  and  considerable  elcTition 
(Saiht-Hilaibe,  Voyaq'^  aur  le  Moral  du  BrA.il,  2^  Partio  p  275  )  Ton 
Martius  saya  thit  (lie  bamboo^,  flouuab  piinopilh  at  a  height  cf  1  800  to 
2,000  feet  above  the  >ea 
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a  wall  at  a  distance  of  fifteen  to  twenty-five  miles,  wliiie 
in  front  are  tlie  isolated  gi-oups  of  hills  of  Victoria,  Mestre 
Alvaro,  Nova  Almeida,  &c. 

The  Hio  Eeis  Magos,  or  Apiapitanga,  is  a  little  stream 
which  rises  in  the  serm  northwest  of  the  Mestre  and  empties 
into  tlie  sea  fifteen  miles  north  of  the  Bay  of  Espmto  Santo. 
Canoes  ascend  it  only  twenty  miles.  It  empties  into  a  little 
hay,  on  tiie  south  side  of  which,  situated  partly  on  the  level 
of  the  tei-tiary  plam  and  partly  beneath  tlie  slope,  is  the 
ancient  village  of  Nova  Almeida.*  The  tertiary  beds  con- 
tinue nortliward  to  the  port  of  Aldea  Velha,  or  Santa  Cruz, 
north  of  which  they  disappear  from  the  coast,  and  give  way  to 
marshes  and  swamps  tSiat  occupy  the  coast  thence  to  the  Eio 
Doce.  Between  Nova  Almeida  and  Santa  Cruz,  as  well  as  to 
tlie  nortli,  tlic  sandstone  beds  form  in  some  parts  rocky  shores, 
off  which  lie  isolated  skerries,  wliich  obstruct  botli  bays. 

The  river  Santa  Cruz  is,  lOie  the  Reis  Magos,  a  little 
stream  affording  na^agation  for  canoes  only.  Its  principal 
affluents  are  the  Piriqni-assit  f  and  Piriqui-mirim.  It  opens 
into  a  little  bay  like  that  of  Nova  Almeida,  and  which  affords 
a  harbor  for  small  vessels.  The  bays  of  Nova  Almeida  and 
Santa  Cruz  are  noteworthy  in  that  they  open  broadly  to  tlie 
sea,  and,  unlike  the  mouths  of  tlie  other  rivere,  are  miob- 
structed  by  bars,  —  a  circumstance  which  is,  perhaps,  owing 
to  the  fact  that  the  rivers  emptying  into  them  bring  down 
but  little  sediment. 

*  Here  was  established  anciently  n,  Jesuit  missionaiy  station,  with  a  scliool 
&r  fuvnisliing  instruction  in  the  Tupi  language. 

t  Saint-Hilaire  describes  heaps  of  oyster  and  other  sheila  bordering  the  rifer 
Piriqni-aBsti,  near  AldGa  Vdha,  which  ore  without  doubt  KjalJcinmisMimis. 
Similar  sliell-haaps,  or  oslreiras,  as  they  are  called  in  Brasil.  are  found  on  the 
const  of  SSo  Paulo,  and  on  the  liha  clo  Goveniador,  in  the  Bay  of  Rio.  Tliey 
often  contain  htimau  remains,  ]>ottery,  &c. 
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I  have  sailed  seyeral  times  close  along  the  shore  from  Santa 
Cruz  to  tlie  Bio  Doee,  but  I  have  uever  landed,  and  I  am 
unable  to  describe  it  in  detail,  as  well  as  the  flat  lauds  lying 
behind  it,  nor  have  I  any  trustworthy  infonnation  concern- 
ing them.  The  shore  is  bordered  by  a  sand-beach  Hke  that 
sti'etchuig  south  of  ttie  Pai'ahyba  do  Sul,  and  the  lands  in 
its  rear  ai'e  plains  diversified  by  swamps,  shallow  lagoons, 
and  channels  ■which,  having  never  been  explored,  are  laid 
down  mcoiTectly  on  all  maps.  Much  of  this  low  ground  is 
suitable  for  pasturage,  and,  so  far  as  my  obsei-vations  go,  the 
greater  part  is  very  heavily  wooded. 

The  great  Serra  da  Mantiqueira,  separating  itself  from  the 
SeiTa  do  Mai-  near  Sao  Paulo,  runs  to  tlie  north  of  that 
seiTa,  and  almost  parallel  with  it,  on  tlie  northern  confines 
of  the  provinces  of  SSo  Paulo  and  Rio  de  Janeiro,  into 
Minas,  passing  near  Barbacena,  whence  it  continues  with 
the  same  trend,  mider  various  names,  beyond  tlie  Eio  Doce. 
To  the  southeast  it  gives  rise  to  a  host  of  little  rivers 
which  flow  into  the  Paraliyba  do  Sul,  while  on  the  north- 
eastern side  tlie  Kio  Grande,  one  of  the  tributaries  of  the 
Parand  system,  and  the  Rio  Doce  take  their  rise.  From 
Eai'bacena  a  cordilheira  runs  northward,  separating  the 
watei-s  of  tliQ  Rio  Doce  from  those  of  tlie  Rio  Grande  and 
the  Sao  Prancisco,  whfle  another  line  of  serras,  with  a  gen- 
eral northeast  course,  leaving  Oie  Serra  do  Espinha§o  near 
Diamantina,  forms  a  watei^shed  between  the  rivers  Doce 
and  Jequitinhonha.  The  basin  of  tlie  Doce  forms  an  un- 
equal-sided quadrilatei-al  figure,  whose  sides  measure  very 
nearly  as  follows:  tlie  nortlieasteni  side  120,  the  southeast- 
ern 230,  the  western  190,  and  the  noi'thern  90  mfles,  which 
would  make  the  area  drained  by  the  river  very  much  larger 
than  that  of  tlie  Parahyba  do  Sul.     Gerber  estimates  the 
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a  embraced  witliin  the  basin  of  tiie  Doce  at  2,S00  square 
The  Rio  Doce,  mider  tlie  name  of  Chopot6,  takes 
its  rise  only  a  few  miles  from  Barhacena,  iia  the  angle  formed 
by  the  union  of  tlie  Serra  da  Mantiqueira  and  the  Serra  do 
Eepinha^o.  From  this  point  the  watei's  flow  westwai'd  into 
the  Uio  das  Mortes,  a  tributary  of  tlic  Parang  system,  ei^t- 
ward  into  tlie  Pomba,  one  of  tlie  branches  of  the  ParahjBa, 
and  northward  into  the  Doce.  Its  course  is  at  first  about 
nortli-nortiieafit  up  to  latitude  19°,  when  it  bends  abraptly 
ai'ound  the  Serra  das  Ibiturunas,  and  tben  flows  in  a  south- 
east direction  to  tlie  confines  of  the  province,  when,  after 
passing  a  series  of  rapids  called  the  Escadinhas,  it  reaches 
lower  grounds,  and  is  thereafter  navigable  to  its  month. 

This  river  is  of  so  much  importance  that  I  add  a  transla- 
tion of  a  description  of  it  from  the  Diccionario  Geograjico, 
Art.  Doce. 

"  The  ancient  geogi'aphers  considered  the  EibeirSo  do 
Carmo  as  tlie  principal  origin  of  the  Rio  Doce,  while  others 
assert  tliat  it  rises  near  Sabarfi,,  in  the  Ribeiro  Santa  Bar- 
bara, which  empties  into  tlie  Piracicaba.  But  if  one  means 
by  the  source  of  a  river  that  point  which  is  at  tlie  greatest 
distance  from  its  moutli,  we  ought  to  place  that  of  tlie  Eio 
Doce  at  twelve  leagues  *  to  the  east  of  the  Villa  of  Barba- 
cena,  in  tlie  spot  where  the  Rio  Chopot6  begins.  This  river 
runs  about  twenty  leagues  in  a  northward  direction,  receiv- 
ing on  its  left  bank  tlie  Rio  das  Pirangas,  besides  various 
sti-eams  from  both  sides.  It  only  offers  easy  navigation  for 
canoes,  when,  having  watered  tlie  settlement  of  Santa  Anna 
do  Deserto,  it  mclines  towai'd  the  northwest,  being  aug- 
mented  by  tlie  stream  Turvo  on  the  right  and  tlie   Rio 

*  According  to  Gorbci-'a  mnp,  the  soureo  of  the  Kio  Doce  (Cliopotd)  lies  at 
abont  five  Icngties  east  of  Barbaceiia. 
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Gualaclio  *  on  the  left.  The  waters  of  this  river  make  it 
cliaiige  its  course  a  little  towards  the  east,  aiid  botli  united 
precipitate  themselves  over  tlxe  fall  called  Inferno  ;  below 
tliis  fall  tlie  Eio  Doce  taltes  tlie  name  it  beai's,  and  flows 
gently  on,  receiving  on  the  right  tlie  little  Rio  da  Caeca, 
and  on  the  left  tlie  Piracicaba,  and,  sis  leagues  farther  on, 
it  passes  over  reefs  blackened  by  time,  —  whence  the  name 
Escuro  given  to  this  fall.  Three  leagues  lower  down,  on  its 
left,  are  the  mouths  of  the  rivei-s  Santa  Antonio  and  Corren- 
tes,  at  a  distance  of  eiglit  leagues  from  one  aiiotlier-f  Below 
the  last  of  tliese  river-moutha  is  the  Caclioeira  Eagam'iz, 
where  a  pointed  rock  divides  the  waters  of  the  Doce,  which 
subdivide  agam  and  again  before  miiting  anew  in  a  species 
of  baain,  fonned,  as  it  appears,  by  several  islets.  Tliis  basin 
extends  for  a  distance  of  two  leagues,  and,  because  of  tJie 
cun'ent,  much  dexterity  in  the  government  of  a  canoe  is  Te- 
quired  to  reach  it.  At  tlie  end  of  this  series  of  ialete  the  E,io 
Doce  takes  a  more  quiet  com'se,  and,  tlie  mouth  of  the  Sagu- 
hipequeno  passed,  it  becomes  once  more  turbulent,  and  is 
successively  inapeded  by  the  little  Caclioeira  d'lllia-Braba, 
with  that  of  Fiqueira,  much  more  dangerous,  in  tlie  Serra 
Betenina,  where  it  is  necessai-y  to  transport  the  canoes  by 
land  a  distance  of  fifteen  brapas,  and  with  that  of  the  Ee- 
bojo-do-Capim ;  five  leagues  farther  down  stream  tlie  Rio 
Sa^uhi-grande  comes  to  swell  it  on  the  left  with  its  tribute 
of  waters,  after  having  watered  the  comarca  of  Serro  Frio. 
Passing  tliis  tributary,  the  Rio  Doce  receives  from  diflerent 
quarters  an  innumerable  number  of  limpid  brooks,  and 

*  According  to  Eaehwcge,  quoted  bj  Gerbcr,  the  Ban-a  do  Gualacho  is  341 
metres  nboro  ihe  son-level. 

t  On  Gerber'a  map  the  mouth  of  Iho  Covrcnt^s  is  only  t«o  niid  a  half  league  i 
bolow  that  of  the  Saula  Antonio. 
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mike*-  nniiy  tiuiis  before  aiii^ing  at  the  fall  denomi- 
nated LiichoiiruiJia  oyt.r  whidi  i^anoes  pasa  without  being 
unloaded  btill  fii-tliei  dowii  itiet^eiveson  its  right  the  Rihe- 
irio  Lariujeiia,  and  a  httle  bLyoiid,  to  tlie  right,  the  Cuiat^, 
^hich  empties  into  it,  when  the  main  river  becomes  majestic 
fui  the  diet<i.nce  of  two  leagues  below  which  vaiious  reefs, 
with  some  falls  of  little  importance,  and  wliirlpools  make 
navigation  -veiy  difiit,alt,  witliout  eutirely  desti'oymg  it. 
Tliese  diffeieiit  obbt-ides  aie  1  nown  under  the  names  of 
Eehoio  de  Joao  Pinto  and  Rcbojo  da  On^a,  distant  two 
leagues  fiym  one  inothei  The  second  of  tliese  obstacles 
passed,  tlie  cunent  flo^\&  to  the  liglit  in  tlie  summer,  but 
to  the  left  m  the  rainy  season  Half  a  league  onward  the 
bed  of  the  ii\er  desciibes  some  diagonal  lines,  which  imitate 
a  capital  M  ■ —  tlie  mine  whicli  is  commonly  given  to  it ;  and 
one  league  lower  down  vaitous  leefa,  called  tlie  Cachoeu'So, 
uitercept  navigation  so  that  it  is  necessary  to  transport  by 
land  the  canoes  and  goods  Two  leagues  below  the  fall  of 
CachoenSoareencounteied  tlu-te  other  whii'lpools,  which  are 
not  dangerous,  and  the  island  ot  Natividade,  wliich  divides 
tlie  Eio  Doce  into  two  unequal  aims.  In  tlie  dry  season  the 
canoes  are  unloaded  at  tins  island  to  pass  the  great  Cacho- 
eiia  callel  tlie  Escadinhas,  because  for  one  league  it  is 
formed  of  steps  of  stone  Tlie  canoe-men  carry  tlie  goods 
on  their  backs  as  far  as  Poito  de  Souza ;  but  when  the 
watets  abomid  the  canoes  descend  without  difficulty  to  the 
Regifto  de  Lorena,  neai  the  confluence  of  the  river  Mandu 
(Guaudu)  winch  comes  fiom  the  south  and  serves  a^  tlie 
limit  to  the  provinces  of  Minas  Geraes  and  Espirito  Santo, 
and  ascend  it  also  with  cargo,  albeit  witli  some  difficulty. 
Between  the  mouth  of  the  Mandii  and  Porto  de  Souza  sev- 
eral rapids  are  encountered,  which  are  descended  with  ease, 
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but  which  cannot  be  ascended  except  by  hard  rowing,  or  hy 
towing  tlie  canoes." 

The  Bio  Manhuassu  is  quite  a  considerable  httle  stream, 
which  enters  tlie  Doce  from  tlie  south,  opposite  the  island 
of  Natiyidade.  Very  little  is  known  about  it,  as  it  flows 
tlu'ongh  a  forest  region  inhabited  by  the'  Botocudos.  The 
Guandu  is,  as  above  described,  only  a  little  stream,  and  of 
very  little  impoi-tance.  Tlie  country  bordering  the  river 
near  its  junction  with  Wie  Doce  is  very  flat,  with  deep  allu- 
vial, clayey  soils.  It  is  heavily  timbered,  and  affords  most 
fertile  lands  for  the  agricultiuist ;  but  the  Botocudos, 
who  have  been  until  late  yeare  hostile,  have  prevented  the 
successful  colonization  of  the  country.  A  little  colony  of  a 
few  families  has  been  established  on  the  Guandfl,  but  it  was 
not,  at  the  time  of  my  visit,  flourishmg. 

The  rocks  exposed  here  in  the  nver  channel  are  gneiss. 
I  observed  some  heavy  veins  of  milky-white  quartz  near 
that  place,  but  I  had  not  time  to  examine  them.  Opposite 
Guand6,  on  tlie  north  side  of  tlie  river,  there  are  sevei-al 
quite  high  gneiss  hills,  and  opposite  Porto  de  Souza  is  a 
bai'C  hill  not  far  from  the  river.  Gerber  has  laid  down  on 
his  map  a  little  river  entering  the  Doce  opposite  the  Guandu, 
which  appears  to  be  a  mistake.  At  Porto  de  Souza  the 
river  valley  is  very  narrow,  and  tlie  river  was,  at  tlie  time 
of  my  visit  in  December,  1865,  not  more  than  250  feet  wide 
opposite  tlie  port. 

The  port  is  situated  at  the  foot  of  a  series  of  rapids,  at  the 
head  of  navigation.  Even  in  the  diy  season  it  would  be 
possible  at  all  times,  I  was  assured,  for  a  small  steamer  to 
reach  it.  Gneiss  is  exposed  in  the  bed  of  the  river  aiid 
along  the  banks.  It  is  gray,  coarse,  and  homogeneous. 
Strike  N".   00"  B.     Dip  45^  Nortlieastward.     In  the  river-. 
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banks  the  surface  of  the  giieiss  is  nigged,  and  not  smootli  as 
m  glaciated  surfaces,  showing  that  it  has  been  determined 
by  water  action.  Above  it  ore  beds  of  coarse,  yellowish 
sands  end  quartz  gravel,  the  latter  often  very  coai'se.  At 
the  Quartel,  or  Barracks,  these  beds  reach  a  level  of  about 
tweuty  feet  above  that  of  the  river.  Above  these  is  a 
layer  of  brown,  clayey  eai-th,  with  scarcely  any  admixture 
of  saiid,  but  full  of  little  silvery  mica  flakes.  This  affords 
a  good,  deep,  feitilG  soil,  suitable  for  coffee,  corn,  beans, 
castor-beans,  &c.,  &c.  The  forests  of  this  region  are 
quite  luxuriant,  and  are  rich  in  valuable  woods  and 
game,*  All  tliis  region  is  finely  adapted  for  agricultural 
purposes,  and  some  day  must  become  the  home  of  an  agri- 
cultural population  ;  but  the  Indians  have  so  far  held  sway 
over  it. 

At  the  port  the  left-margin  of  the  river  is  occupied  by 
some  immense  sand-banks,  covered  during  the  rainy  season, 
when  the  river  rises  some  twenty  feet  above  its  ordinaiy 
level.  Descending  the  river  from  Porto  de  Souza,  tlie  river 
continues  very  narrow,  deep,  and  rapid,  with  rocky  banlts 
for  a  mile  or  more,  the  banks  becoming  lower  as  one  de- 
scends. Tlie  gneiss  Is  exposed  in  the  bottom  of  tlie  banks 
on  both  sides  of  the  river,  and  over  tliis,  as  at  the  Porto, 
are  alluvial  deposits,  making  tlie  banks  eight  to  fifteen  feet 
in  height.  At  a  distance  from  the  river  ai'e  gneiss  liills. 
A  quarter  of  a  mile  below  tlie  Ilha  da  Esperau^a  tlie  river 
widens  to  at  Ica^t  600  feet.     The  Eio  Mntum,t  laid  down 

*  I  observed  in  llie  forest  between  Port*  do  Soma  snii  Gnaadii  great 
numbers  ofBarrigudo  trees  (Bomhax),  some  of  consideraWo  size. 

t  The  Eio  Doce  is  very  rich  in  fish,  a  large  collection  of  which  wasmnde  by 
mj  companion  and  myself  for  Professor  Agassiz.  Vr'mx  Mas.  xn  Heu  Wied 
Gpcaks  of  the  occtirroijee  of  a  Epceies  of  sawfish  (Pristis  Som  1 )  in  the  lower 
waters  of  the  Doce,  and  says  that  it  enters  (heLagoa  Jnparanaa.   Mr.  Copeland 
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on  Gerber'a  map  as  being  some  three  or  four  leagues  below 
the  Porto,  is  not  more  than  three  miles.  It  is  but  a  brook ; 
but  it  has  a  fall  near  the  mouth,  and,  being  in  tlie  midst  of 
a  very  fertile  countiy,  may  be  of  importance  by  and  by  for 
its  water-power.  On  the  Mutum  the  land  is  in  some  places 
flat,  and  thirty  to  forty  feet  high,  and  may  be  in  part  ter- 
tiary ;  but  I  doubt  it.  On  the  nortli  side  of  tlie  riyer  are 
many  forest-clothed  gneiss  hills,  the  most  of  wliich  range 
from  600  to  700  feet  in  height.  East  of  Uiese,  a  few  miles 
from  the  Mutum,  and  standmg  back  fram  the  Doce,  is  a 
prominent  hill  called  tlie  Morro  do  Padre,  the  greater  part 
of  which  is  bare,  and  which  must  be  at  least  2,000  feet  in 
height.     On  the  opposite  side  of  the  river  is  tlie  Morro  do 

and  I  loot  Bpecimena  at  or  nenr  the  monlTi  of  the  Mutum,  They  certainly  ascend 
to  Porto  deSouza.  Thecaiioc-men  said  that  they  ascended  to  the  Guandu,  The 
fishermen  all  said  thattliig  fieh  secured  its  prey  by  striking  a  latcval  blow  with  its 
long  snout  or  jaw.  On  oho  of  the  saw-leeth  of  a  large  specimen  we  took  there 
was  impaled  the  Invgc,  tongh  scale  of  ft  corumata,  which  could  only  have  been 
pierced  by  a  smart  blow,  when  attached  to  the  side  of  flie  fisli.  The  fisherman 
said  that  a  true  shark,  eaissSo  de  clentes,  was  found  in  the  Doce. 
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Lage  among  gneiss  lulls.*  Leaving  tlie  gneiss  hills  below 
the  little  river  Sao  Joao,  the  laiid  becomes  lower,  and  tlie 
hills  flat-topped,  or  with  flat  outlines,  and  a  rather  gentle 
slope  toward  the  river.  Some  of  the  hills  appeal-  to  be 
gneiss,  others  tertiary.  The  low  lands  bordering  tho  river 
are  alluvial.  So  exceedingly  dense  is  the  forest  covering 
this  whole  country,  that,  except  it  be  occasionally  a  bare 
gneiss  rock  by  the  river-side,  a  bare  gneiss  hill  wliich  is 
never  to  be  mistaken,orthe  exposures  of  the  alluvial  deposits 
of  the  river,  there  is  no  guide  for  the  working  out  of  geo- 
logical features  other  than  the  general  topographical  out- 
lines of  the  country.  The  clotliing  of  forest  tends  very 
much  to  exaggerate  the  height  of  tlie  lower  lands.  No- 
where in  Brazil,  not  even  at  Pard,,  have  I  seen  a  more  lux- 
uriant forest  growth  tlian  tliat  of  the  Doce.  The  trees,  all 
bound  together  by  Uianas,  and  filled  in  with  a  dense  under- 
growth of  palms  and  shrubs,  crowd  down  to  the  water's 
edge,  and  stretch  their  great  vine-draped  branches  out  over 
tlie  river,  as  if  in  want  of  light  and  air.  The  forest  forms  a 
dense  wall  along  the  river,  —  so  dense  that  the  eye  does  not 
penetrate  into  its  sliade,  —  and  one  must  be  armed  witli  a 
strong  wood-knife  who  would  enter  it. 

In  these  forests  flourishes  the  Jacai-andd,  or  rosewood  (B^- 
nortia  Brasiliana  Lam.),  which  once  abomided  along  tlie  river, 
but,  having  been  extensively  cut  for  exportation,  is  now  to  be 
met  with  of  sufficient  size  for  cutting  only  at  a  distance  from 
tlie  stream.  The  principal  article  of  export  irom  the  Doce 
has  been  rosewood,  which  has  the  reputation  of  being  of  a 
fine  quality.  Tlie  Cupiuba  (^Oopaif er a  ojicinalis},  faimsh- 
ing  a  valuable  wood  and  an  abundant  oil  used  in  medicme 

•  Eight  bank  opposite  Uliti  Ho  Lnge.  Gneiss  bands  very  siliecona.  Strike 
N.  80°  E.    Dip  northwavd  50°. 
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and  tlio  arts,  abounds  here,  together  with  tJie  Fi'io  Brazil 
(^Ctesalpinia  echineda  Fr.  All.),  noted  for  its  onec  costly 
tint ;  the  Sapucaia  QLecyihis),  furnisliing  food  to  the  Boto- 
cudos ;  the  Cedro  {Qedrela),  Ip^  (recomrt),  P4o  d'Arco 
(S%7iOMw),  Pei-oba  {Aspidospermumi)^  Putumujfi  {PuH- 
miij€),  Vinhatico  (^Acaa£),  and  species  of  Genipa,  Machcs- 
rwm,  Ingft,  BowdUchia,  (fee,,  abound.  The  names  of  the 
trees  furnishing  valuable  woods  for  construction  and  cabinet- 
work, many  of  great  beauty  and  dui-ability,  are  legion,  and 
when  the  country  becomes  inhabited,  these  must  become 
a  source  of  wealth. 

Several  species  of  palms,  among  them  the  Airi  (^Astro- 
cmyutn)  and  Palmetto  (^Euterpe),  flourish  in  the  forest, 
while  tlie  Embaiiba  (^Oecropia),  the  food  of  the  sloth,  with 
the  Ubds  and  HeUconias,  foi-m  one  of  tlie  marked  features 
of  the  vegetation  of  the  river-banks,* 

Game  is  exceedingly  abundant,  among  which  may  be 
mentioned  the  Anta  (^Tapirus  Americamis'),i«ho&e  tracks, 
togetlier  with  those  of  the  Capabara  (^Hydroclnsrus  Capo- 
bara),  are  everyivhere  seen  by  the  river  margins.  The  Paca 
(^Otslogenps  Paca)  and  Cutia  (^Dasyprocta')  are  very  com- 
mon, and  are  valued  for  food.  There  are,  at  least,  two  spe- 
cies of  sloth  found  here,  —  Bradypus  tridactylvs  and  B.  tor- 
qiiaius,  —  together  with  species  of  opossum  (^Didelphys)  and 
Cuati  (JVaswa).  Armadillos  (^Dasypvs)  abound  as  else- 
where, and  I  have  seen  at  least  two  species.  Wild  pigs 
Caititlis  and  Queisadas  (JDicotyles'),  are  found  in  herds  in 


*  Prince  Mfix.  an  Nen  Wied  ^ves  a  plnte  re 
Doce.  It  was  evidently  not  dicwn  ftom  nature,  but  it  gives  quite  a  good  idea 
of  the  sJiore  vegetation.  An  immense  alligator  is  represented  in  the  foregronnd- 
One  niHj-  spend  a  month  on  the  Doee  and  not  see  a  single  alligatoi-,  and  lliose 
of  the  DocB  are  very  smnlh 
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the  forest,  and  are  hunted  for  food.  At  least  four  species  of 
Feiis  occur  here,  —  Felis  Onga,  F.  concolor,  F.  pardaUs,  F. 
macroura,  —  together  with  the  fierce  black  jaguar,  which 
may  he  only  a  variety.  One  or  two  species  of  Ckrvus  are 
not  uncommon,  together  with  hares  and  squirrels.  Of 
monkeys  there  are  the  following :  Aleles  hypaxanUms,  My- 
cetes  wsinus,  species  of  Cebus  and  Callithrix,  and  Jacchus 
(^Hapale)  Imcocephalus.  Jacupembas  {Penelope  marail 
Linn.),  Mutuns  (^Orax),  Araras  (^Psittacus  macoa  Linn.) 
and  other  parrots,  are  very  abundant. 

The  river,  after  leaving  tlie  gneiss  lands,  ividens  very 
much,  and  is  in  some  places  800  to  1,000  feet  wide, 
occasionally  diversified  by  wooded  islands,  and  affording 
stretches  of  river  scenery  of  very  great  heauty,  Francyl- 
vania  is  the  name  of  a  settlement  established  on  the 
northern  bank  of  the  Doce,  at  a  short  distance  back  from 
the  river,  opposite  the  mouth  of  the  little  river  Santa 
Maria,  and  not  far  above  the  moutli  of  the  Rio  Panca, 
Here,  not  many  years  ago,  was  established  a  Brazilian 
colony,  under  the  direction  of  one  Dr.  Franca  Leite,*  which 
proved  a  failure  ;  its  site  being  now  marked  only  by  a  luxuri- 
ant second  growth  (capoeira),  which  on  the  Brazilian  coast 

*  The  history  of  this  colony  is  hrieflj-  as  follows  ;  Dr,  Franfa  Loite,  some  fif- 
teeii  or  more  years  ago,  concfavEd  the  idea  of  establlsliiiig  a  colony  on  the  Eio 
Doce,  and  at  FrancylTOnia,  aided  by  government,  ho  foimed  a  settlement. 
Mills  for  sawing  lumlier  and  grinding  mandioca  were  erected,  and  a  consider- 
able amount  of  ground  was  put  mider  cultivation.  Estaidishmenf  s  were  opened 
at  the  PovonfSo,  at  Monserras,  and  Ipyranga,  where  many  cattle  were  rwsed. 
But  Dr.  Ldte's  plan  provect  visionary.  He  iailed  t*  get  the  aid  he  demanded ; 
the  colonise,  dissatisfied,  and  harassed  by  tiie  Botocndoa,  who  wore  very 
troublesome  iieiglibora,  began  to  withdraw,  and  after  an  existence  of  some  three 
yeai's,  tl:e  Botociidos  put  an  end  to  this  colony  by  killing  Ervalina,  Leite's 
brother-in-law, and  a  slave,  aud  burning  the  settlement;  and  thus  failed  another 
attempt  to  settle  the  Doce. 
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rapidly  springs  up  on  abandoned  lands.  The  soils  in  the 
vicinity  of  Francylvaiiia  are  of  the  most  productive  kind, 
and  the  locality  was  wisely  chosen  for  tlie  estahlishment  of 
a  colony. 

Descending  from  Prancylvania  to  the  hills  of  Santa  An- 
tonio, the  lands  bordering  the  river  are  still  lower,  and  the 
hills  have  long,  gentle  slopes,  but  no  roeks  are  seen,  except 
gneiss,  on  tJie  borders  of  the  river.  The  islands  all  consist 
of  sand,  overlaid  by  a  tliick  bed  of  brown  soil.  Alluvial 
lands  of  tlie  same  character  occur  on  both  sides  of  the  river, 
forming  irregular  strips.  These  lands,  wliicli  are  liable  to 
be  overflowed  during  the  enchente,  are  of  the  highest  fertil- 
ity, and  are  especially  pi-oper  for  the  culture  of  sugar-cane. 

A  few  leagues  south  of  Francylvaiiia  tlie  river  passes 
through  a  region,  diversified  by  hills  of  gneiss  several  hun- 
dred feet  high.  On  tlie  south  side  of  the  river  the  western- 
most of  these  hills  form  a  range  which,  imder  the  name  of 
tlie  Serra  de  Sant'  Antonio,  is  seen  stretcbing  off  soutli- 
ward,  tying  in  with  the  coast  mountains  of  Santa  Cruz  and 
Nova  Almeida.  In  this  belt  of  eoimtry  are  many  lagSas, 
some  of  them  of  considerable  size.  Among  these  may  be 
mentioned  the  Lag8a  Sant'  Antonio  do  Norte,  on  the  north 
side,  and  the  LagSas  V&o  Gigante  and  Limao,  on  the  south, 
all  of  which  communicate  with  the  river  by  small,  black- 
water  streams.  These  lakes  and  streams  have  been  veiy 
incoiTectly  laid  down  on  the  maps,  owing  to  the  fact  that  no 
trustworthy  survey  of  the  river  has  ever  been  published.* 
A  few  miles  farther  east,  and  opposite  tbe  Barra  do  Bio 
Limao,  is  a  range  of  high  hills,  which  stretches  oiF  as  far  as 

*  I  am  informed  tliat  the  river  was  surveyed  and  mapped  for  thB  English 
Comp.i,iiy  of  the  Doco  by  Mr,  Fred.  Wilncr,  but  I  am  nol  aware  that  the  mnp 
was  ever  piiblislied. 
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one  can  soc  from  the  river  towards  the  northeast.  Thia 
hilly  couiitiy  ends  on  the  river,  just  to  tlie  east  of  these 
hills,  in  a  shai^p  ridge  about  a  mile  long,  escarped  on  the 
eastern   side,  and   known   as   the   Morro   da  Terra  Alta. 


5  through  this  country  tlie  river  is  much  diversified 
by  islands,  and  is  in  some  places  more  than  1,000  feet  wide. 
Tlie  lands  here  vary  much  in  character,  and  are  noted  for 
their  richness.  Over  the  whole  country  spreads  the  heaviest 
forest  growth,  hut  ^t  tlie  time  of  my  visit  it  was  unbroken 
by  a  fazenda,  and  in  the  hands  of  the  Indiana  and  rosewood- 
cutters.  On  leaving  the  hills  the  river  soon  widens  to  at 
least  half  a  mile,  and  is  full  of  beautiful  wooded  islands, 
while  it  is  bordered  by  alluvial  lands  which,  during  the 
enckenie,  ai-e  liable  to  be  overflowed.  Tliese  lauds  extend 
to  Linhares.  About  two  leagues  aboTe  tliis  town  tliere  are, 
on  the  sontliem  bank,  a  few  clearings.  I  think  that  no- 
where in  Brazil  have  I  ever  seen  so  rank  and  luxuriant  a 
vegetation.  These  lands  arc  covered  with  the  same  brown- 
ish, clayey  soil  we   have  obseiTed   farther  up   tho  river. 
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This  soil,  which  is  called  mapapS,  or  massapS,  is  found  on 
all  the  alluvial  lands  bordering  the  rivers  on  the  Brazilian 
coast,  and  is  noted  for  its  great  productiveness. 

On  the  Rio  Doce  those  massapS  lands  which  are  of  siifli- 
cient  height  to  escape  the  effects  of  tire  enchente  may  be 
used  for  the  cultivation  of  almost  any  of  the  products  of  the 
couiitJ?y,  —  such  as  sugar-cane,  tobacco,  coffee,  cotton,  man- 
dioca,  Ac,  —  but  a  large  part  is  likely  to  be  submerged 
eveiy  year  when  the  river  is  full.  The  animal  over- 
flow begins  in  December  with  the  daily  thunder-storms, 
and  lasts  usually  until  March.  During  its  prevEdence  the 
river  margins  are  overflowed  for  a  greater  or  less  lengtli  of 
time,  tiie  freshets  of  March  often  being  as  high  as  those  of 
December.  In  the  year  1833  occurred  an  extraordinarily 
heavy  fresliet,  since  when  nothing  like  it  has  been  known. 
The  water  of  tlie  river,  even  in  the  dry  season,  is  very 
turbid  with  sediment,  and  of  a  light  yellowish-brown  color. 
During  the  enchenie  it  becomes  very  much  more  turbid,  and 
a  tliin  deposit  of  mud  is  thrown  down  over  tlie  ilat  lands 
every  year.  On  tlie  subsidence  of  tlie  waters,  tlie  vegetation 
left  decaying  over  tlie  wet  country  is  apt  to  breed  fevers,  and 
the  Rio  Doce  has  had  a  very  bad  reputation  for  being  very 
unhealthy.  It  certainly  is  feverish,  but  I  could  not  learn 
that  it  was  any  worse  than  Sao  Matheos,  or  even  so  bad. 
My  companion  and  I  suffered  nothing  from  our  visit.  Tlie 
river  waters  are  bad,  but  if  allowed  to  deposit  their  sedi- 
ment, and  stand  some  time,  become  very  potable  and  safe. 
Tlie  climate  of  the  Doce  is  warm  and  very  damp,  and  it  is 
upon  the  distribution  of  rain  throughout  Uie  entne  year  fliat 
the  luxuriance  of  the  vegetation  seems  to  depend.  The  cli- 
mate is  damper  than  at  Victoria  or  Sao  Matheos,  Ca/rne 
secca,  or  dried  salted  beef,  which  keeps  well  elsewhere,  soon 
spoils  here  in  certain  seasons  of  the  year. 
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The  mcissap^  grounds  which  are  liable  to  be  overflowed 
ai'e  used  for  the  culture  of  almost  all  the  products  of  the 
country,  except  mandioca,  cotton,  and  coffee.  The  root  of 
the  mandioca  requiring  more  than  one  season  to  ma- 
ture, is  likely  to  be  injured  by  a  freshet,  so  that  its  cul- 
ture is  confined  to  the  higher  grounds.  These  massapS  lands 
are  especially  good  for  sugar-cane,  which,  as  at  CampoSj  ia 
not  injured  by  an  overflow,  and  also  for  beans,  Indian  corn, 
rice,  bananas,  &g.  The  corn  and  beans  are  planted  usually 
in  March  or  April,  so  as  to  become  ripe  before  the  enchente. 
Lands  of  tliis  character  are  very  extensive,  and  tlie  Doce 
region  is  adapted  to  sustain  a  very  large  population. 
There  can  be  no  doubt  that  with  the  clearing  of  the  forests 
and  tlie  tilling  of  the  gi'ound  the  region  would  become  more 
healthy. 

Linliares  is  built  on  the  left  bank  of  the  rii'er,  on  the  top  of  a 
bluff  formed  by  the  projection  soutliward  of  a  point  from  the 
great  tertiary  plain  lyuig  north  of  the  Doce,  Tlie  bluff  is,  if 
I  remember  rightly,  about  eighty  feet  high,  and  exposes  beds 
of  white  and  red  clays  of  the  ordinary  type.  On  the  Doce 
tliese  clays  occupy  near  Linhares  only  a  small  extension  on 
the  northern  bank.  Their  boundary  line  trends  off  north- 
ward to  SSo  Matlieos  and  northwestward  to  the  Lag8a  JupSr 
ranaa,*  which  is  held  in  a  basin  scooped  out  of  the  beds  of 
this  formation.  Tlie  lagSa  lies  at  a  distance  of  about  two 
mUes  to  the  north-nortliwest  of  Linhares,  and  communicates 
with  the  Doce  at  Linhares  by  a  veiy  narrow  and  tortuous, 
but  deep  channel,  called  the  Hio  Juparanaa,  which  flows  over 
tlie  low  wooded  ground  close  to  the  edge  of  the  bluffs.  This 
channel  is  about  fifty  feet  wide,  and,  according  to   Senhor 

•*  The  word  "Juparanaa,"  according  to  Trim  EeuWied,  is  Tupi,  an  li  means 
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Raffael  P,  do  Carvalho,  furnishes  at  all  times  at  least  four 
to  five  feet  of  water,  which  would  be  sufficient  for  a  little 
steamer.  It  is  exceedingly  tortuous,  but  it  would  be  a  very 
easy  matter  to  cut  off  some  of  the  bends,  and  tlms  shorten 
Tery  much  the  distance  between  the  Doce  and  the  lake. 

At  the  foot  of  the  lake  the  river  is  bordered  on  the  west 
side  by  a  narrow  strip  of  low  ground,  north  of  which  the 
tertiaiy  bluffs  begin  ;  and,  with  the  exception  of  this  little 
stretch  of  alluvial  land,  and  of  a  similar  sti'etch  at  the  head 
of  the  lake,  the  lake  is  bordered  by  the  bluffs.  Preireiss  * 
gives  the  length  of  the  lake  as  seven  leagues,  width  half  a 
league,  and  circumference  sixteen  to  eighteen  leagues.  The 
Diccionario  Geografico  (wit/e  Art.  ^j^arrtMom),  which  is  here 
manifestly  inaccurate,  gives  tlie  circumference  is  only  five 
leagues.  According  to  my  estimate,  and  the  information 
of  Senhor  Raffael,  it  must  be  at  least  twenty  miles  long  and 
in  some  places  four  miles  wide.  It  is  very  deep,  and  in 
some  places,  according  to  Preireiss,  the  depth  is  at  least 
eight  to  twelve  klafter  (fathoms).  The  water  of  the  lake 
and  river  is  of  a  light  milky  color.  The  banks  of  the  lake  are 
eighty  to  one  hundred  and  fifty  feet  high,  as  near  as  I  could 
judge,  the  height  being  gi-eater  at  the  head  of  the  lake. 
Along  the  extern  side,  between  tlie  foot  and  the  Fazenda  do 
Guaxe,  white  and  pink  clays  are  exposed  in  the  bluffs, 
and  in  many  places  the  coarse  red  sandstone  of  the  tertiary 
crops  out  at  water-level  or  thereabouts.  About  a  mile  north 
of  Guaxe,  on  the  east  shore  of  the  lake,  and  opposite  a  very 
small  island  of  gneiss,  a  point  called  the  Fonta  de  Ouro,  a 
quarter  of  a  mile  long,  juts  out  into  the  lake.  This  point  is 
about  fifty  feet  in  height,  and  forms  on  the  southern  side  a 
lino  of  picturesciue  cliffs.  The  strata  composing  tliis  point 
*  Quoted  by  Neu  Wied,  Beise  tiach  Drasilien,  Vol.  I.  p,  214. 
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are  perfectly  horizontal,  and  consist  of  a  -white  or  pink  feld- 
spathic  clay,  in  some  localities  with  no  admixture  of  sand, 
but  for  tlie  most  part  with  a  lai'ge  percentage  of  coarse, 
angular,  or  sliglitly  roimded  sand  and  gravel,  these 
materials  being  scattered  tlirough  the  mass  apparently 
with  no  order  whatever.  The  lowest  beds  are  tlie  most 
sandy.  The  red  color  is  due  to  ferric  oxide,  wliich  is  dis- 
ti'ibuted  through  the  mass  very  unequally,  sometimes  ce- 
menting togetlier  portions  of  the  beds  into  stalagmite- 
like masses  penetrating  the  clays.  The  tint  is  sometimes 
yellow.  Under  t!ie  clays  is  the  coarse  red  sandstone 
which  occurs  in  very  solid  and  compact  masses,  in  which 
case  the  rock  is  regularly  and  evenly  cemented.  The 
bluffs  are  steep  and  wooded,  as  also  is  tlie  plain  above. 
Small  farms  are  located  along  tlie  lake,  witli  an  occasional 
little  fazenda.  The  slopes  of  the  bluifs  are  found  to  yield 
very  abundantly,  and  to  produce  excellent  coffee.  The 
LagSa  JuparanSa  is,  like  the  Doce,  very  full  of  fish.  I 
found  here  two  species  of  Oagados,  probably  the  Emys 
depressa  and  Emys  radiolata  of  Max,  zu  Neu  Wied.  A 
species  of  Unio  is  abundant  in  tlie  lake,  and  is  said  to  be 
used  for  food.  I  saw  heaps  of  the  shells  lying  in  front  of  a 
fisherman's  hut,  but  the  aiiimal  may  have  been  used  for  bait. 
At  tlie  head  of  the  lake  there  enters  a  little  river  called 
the  Sao  Raffael.  It  rises  in  the  forest,  in  the  countiy  of  the 
Botocudos,  and  has  never  been  explored.*  Gerber's  map 
represents  a  Bio  Preto  as  flowing  into  the  JuparanSa,  but 
no  sucli  river  exists.  The  lake  also,  as  laid  down  on  his 
map,  is  too  small,  and  the  island  is  too  large.  It  is  really 
only  a  rock.    The  head  of  the  lake  cannot  be  distant  from 

*  Senhoi-  Rafiael  Bays  that  above  it  dividee  into  three  liranches,  and  that  it  is 
rich  Id  fisb,  but  that  it  contains  no  Boiubims  {PhlyiloiBa). 
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the  city  of  SSo  Matheos,  according  to  tlie  best  information  I 
have  received,  more  tlian  three  to  four  leagues.  The  hai' 
of  the  Doce  is  so  bad  as  practically  to  forbid  the  entry  of 
vessels,  although  they  sometimes  cross  it ;  but  the  river  is 
navigable  for  a  little  steamer,  during  the  whole  year,  from 
its  mouth  to  Porto  de  Souza,  a  distance  of  ninety  miles  ;  so 
also  is  Lake  JuparaiiSa.  Until  a  railroad  is  built  to  Vic- 
toria it  would  seem  best  to  construct  a  good  wagon-road 
through  the  forest,  from  the  head  of  lake  JuparanSa,  over 
the  plain,  to  Sao  Matheos,  and  make  SSo  Matheos  the 
port  of  the  Doce ;  but  SSo  Matheos  can  never  offer  the 
same  advantages  as  a  port  tliat  Victoria  does. 

The  lands  surrounding  the  lake  are  plains  covered  by 
forest,  but  owing  to  the  dryness  and  little  fertility  of  the 
soil,  it  is  not  very  luxuriant.  The  soils  of  these  high  lands, 
however,  vary  veiy  much  in  quality,  in  some  localities  being 
excellent  for  cotton,  mandioca,  &c.,  in  others  sandy  and 
barren.  Rosewood  abounds  in  these  forests,  and  is  quite 
extensively  cut. 
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The  higher  landa  near  Linhares  appear  to  be  fertile,  and 
I  have  nowhere  seen  more  vigorous  and  luxuriajit  crops 
of  sugar-cane,  bananas,  &c.,  than  I  saw  growing  on  the 
plantation  of  Senhor  Alexandre,  by  the  river-side,  just 
below  the  town,  and  situated  on  aUuvial  grounds.  The 
river  here  appears  to  be  bordered  by  three  terraces,  but  I 
had  no  time  to  examine  them  closely. 

Lying  almost  parallel  with  the  river,  and  to  the  northeast 
of  Linhares,  is  a  very  beautiful,  narrow  lagoon,  which  looks 
lUce  an  old  river  valley,  and  is  called  the  Lag3a  do  Aviso. 
It  is  said  to  empty  into  the  Doec  to  the  east  of  Linhares, 
There  are  other  lakes  in  tlie  vicinity. 


Prom  Linhares  the  river  runs  off  in  a  southeasterly  direc- 
tion to  the  sea.  The  stream  is  wide  and  interspersed 
with  many  islands.  The  shores  are  low,  forest-clothed,  and 
overflowed  during  the  annual  freshet.  At  the  mouth  the 
river  widens  very  much  and  enters  the  sea  obliquely,  from 
behind  a  long  sand-spit  which  extends  southward  from  the 
left  bank.     The  river  just  inside  the  mouth  forms  a  fine  sheet 
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of  water,  but  it  is  very  shallow,  tlie  bottom  being  shifting, 
so  that  the  soundings  vary  with  the  quantity  of  water  in 
the  river.  So  great  is  the  amount  of  water,  and  so  shal- 
low is  the  river,  tliat  tlie  tide  is  not  felt  inside  the  moutli, 
and  tlie  water  is  always  fresh.  Great  numbers  of  drift 
trees  are  brought  down  during  the  freshets,  and  the  sea- 
beaches  of  tlie  vicinity  are  strewn  with  them.  Tlie 
mouth  is  wide,  shallow,  and  obstructed  by  a  bar,  on  which 
the  waves  break  fearfully.  It  is  always  difficult,  and 
sometimes  for  weeks  togetlier  impossible,  to  enter  the 
Doce,  and  very  many  vessels  have  been  lost  in  the  attempt.* 
Just  northeast  of  the  bar  are  extensive  banks,  which  ex- 
tend two  or  three  miles  out  to  sea.  There  is  a  little 
hamlet  on  the  right  bank  of  the  river,  near  its  moutli, 
and  a  Bhoiii  distance  above,  on  the  left  bank,  is  a  small  set- 
tlement called  tlte  Povoa^So.  The  lands  here  are  sandy, 
but  they  are,  for  such  soils,  quite  fertile,  producing  man- 
dioca,  cotton,  mamona,  sugar-cane,  &c.  Tlie  coast  at  the 
mouth  of  the  Doce  projects  considerably  to  the  eastward, 
and  there  is  usually  a  strong  current  near  the  shore,  de- 
pending for  its  direction  upon  the  wind. 

Many  years  ago  an  English  company  was  formed  to  open 
the  river  Doce  as  a  highway  for  navigation  into  Minas,  but, 
from  the  above  description  of  the  river,  any  one  can  see  how 
unfit  it  is  for  navigation  above  tlic  falls.  The  entei-prise  of 
course  proved  a  failure,  and  a  curse  has  undeservedly  fallen 
on  the  Doce.  At  present  a  very  small  commerce  in  salt  is 
carried  on  between  the  coast  and  various  points  along  the 
river,  the  salt  being  transported  in  canoes.  The  journey 
from  the  sea  to  Correiites,  a  town  situated  on  the  river 
of  the  same  name,  an  affluent  of  the  Doce,  a  distance 
*  Tlio  coasting  sWamers  occasionally  enter  tlie  Dol'C. 
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in  all  of  about  two  bmidred  miles,  consumes  over  forty 
days.  From  the  Barra  to  Porto  de  Souza  tlie  journey 
is  easily  perfonned ;  but  above  tliat  point  the  canoes 
must  be  towed  and  poled  witli  the  greatest  difficulty, 
and  at  very  short  intervals  the  load  has  to  be  removed, 
80  as  to  allow  the  empty  canoe  to  pass  a  waterfall. 
On  the  coast  a  bag  of  salt  of  about  sixty  pounds  costs 
2  $  000  (two  milreis,  or  about  a  dollar).  In  Minas  it  costs 
eight  milreis  or  more.  As  nearly  as  I  could  learn,  tlie 
whole  enterprise  of  the  English  company  was  conducted 
with  great  extravagance  and  want  of  good  management, 
so  that  it  is  no  wonder  it  failed.  It  is  useless  to  think 
of  making  the  Rio  Doce  the  highway  to  Minas,  and  of 
using  the  mouth  of  the  river  as  a  port.  The  countiy  bor- 
dering the  Rio  Doce  and  the  Lake  Juparanfta,  and  extend- 
mg  westward  for  some  distance  beyond  Porto  de  Souza 
must  be  ti-eated  as  a  gi'eat  agiicultnral  repon  ly  itself 

Since  my  visit  to  the  Dote  quite  a  numbei  of  imei 
lean  families  have  settled  on  the  ri\er  foim  ng  a  little 
colony,  which,  so  far  as  I  can  ascertam  promibos  to  be  a 
success.  The  colonists  came  from  the  Southern  "^tates 
from  a  chmate  not  so  very  diffeient  fiom  tliat  of  Espnito 
Santo,  and  those  tliat  I  saw  looked  like  men  tlirc  igh  whose 
hands  a  better  future  might  be  woil  ed  out  foi  the  Doce 
We  hope  that  their  enterprise  may  be  sue  essful  * 

Northward  to  the  mouth  of  the  Rio  &ao  Mitheos  stretches 
a  sand-beach,  broken  only  by  Dne  or  two  iivei  mouths 
and  back  of  which,  between  the  shore  and  the  ttitiaij 
bluffs,  is  a  wide  area  of  swamps  and  I'igooub  — i  le^ion  al 

»  In  the  spring  of  1868  there  ivere  on  the  Doce  acco  ding  to  Barto      lb  a 
hundred   Americans,  who  were   doinf,   ■>  dl     and  were      btulymj,    coffee 
(HigMaiidsof  Brazil,  Vol,  I.  p.  5,) 
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most  impassable,  and  nover  yet  mapped.  Just  north  of  the 
Doce  aiid  neai'  the  coast  is  a  large  lagoon  called  Monserras. 
Dm-ing  the  dry  season  this  ia  separated  from  the  sea  by  the 
sand-beaeh,  hut  when  the  rains  come  it  opens  for  itself  a 
channel  to  the  sea,  which  channel  remains  open  until  the 
dry  season  returns.*  A  more  waste  and  desert  region  tlian 
Uie  shore  between  the  Doee  and  SSo  Matheos  can  scai-cely  be 
imagined ;  but  it  ia  tlie  high-road,  and  must  be  followed  in 
going  to  Sao  Matheos.  The  weary  sand-beach  stretches  ahead 
to  the  horizon,  dancing  in  the  hot  air,  and  dimmed  by  the  drift- 
ing spray  from  the  ocean  breakers,  tliat  pour  their  thunder- 
ing, blinding  surges  on  the  desolate  shore.  A  line  of  monoto- 
nous sand-heaps,  like  a  great  tumbling  bdlow  ready  to  burst 
on  the  low  grounds  behind,  runs  parallel  with  the  beach, 
bare,  or  scantily  covered  by  tufts  of  gi'ass,  dwarf  palms, 
&c.,  —  no  shade,  no  water.  The  road  is  a  strip  out  of  Saham. 
On  one  side  is  the  sea,  on  the  other  a  miasmatic,  patliless 
swamp.  Ordinarily  tlie  lagoons  lie  at  some  little  distance 
from  the  shore,  and  are  separated  from  it  by  a  dense,  impene- 
trable thicket ;  but  at  Pitanguinha  there  is  a  little  lagoon  by 
tlie  shore  where  water  maybe  obtained.  The  sands  on  these 
beaches  are  coarse,  and  do  not  pack  so  as  to  aiFord  a  good 
footing.  Animals  sink  at  every  step,  and  the  journey  from 
tlie  Doce  to  tlie  Sao  Matlieos  is  excessively  fatiguing,  the 
traveller  being,  ui  addition,  liable  to  suffer  severely  from 
thirst.  About  tliirty  miles  north  of  the  Doce  is  Ean'a  Seeca, 
where  a  little  river,  draining  the  marehes  of  tlie  interior, 
empties  into  the  sea.  Just  where  it  takes  its  rise,  and  what 
is  its  course,  no  one,  even  of  the  immediate  vicinity,  knew. 
It  is  usually  set  down  as  draining  a  lake  called  Tapada ;  but 

*  When  I  went  to  the  Doce  from  Site  Matlieos  this  bar  was  closeil,  but  on 
my  return,  in  the  latter  part  of  December,  it  was  open,  and  dangerous  to  cross. 
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that  is  not  possible,  for  tlie  lake  lies  only  a  few  lunidved 
yards  from  the  mouth  of  the  river,  and  at  a  very  much  high- 
er level.  The  tide  ebbs  and  flows  in  the  Secca  and  evidently 
runs  up  a  long  distance.  ■  Tlie  river  cornea  from  the  south 
and,  just  before  reachmg  the  sea,  flows  along  in  the  rear  of 
the  broad  beach  ridge,  from  behind  which  it  escapes  at  the 
barra,  and,  cutting  a  channel  across  the  beach,  flows  into  tlie 
sea.  The  heach  is  constantly  changing  by  the  drifting  of  the 
sands,  through  tlie  action  of  tSie  wind  and  waves,  so  that  the 
barra  is  as  constantly  shifting,  never  remauiing  long  in  one 
place.  "With  a  nortlieast  wind  it  shifts  to  tlie  south,  with  a 
southeast  wind  to  the  north,  while  an  easterly  stonn  some- 
times closes  it  entirely.  The  river  is  so  shallow  that  it  may 
be  forded  at  low  tide,  whence  the  name  Bari-a  Secca.  At 
the  time  of  my  visit,  in  1865,  there  were  exposed  in  tlie  banks 
of  the  stream  at  the  barra  strata  of  sandstone  which  were  laid 
bare  by  the  washing  away  of  the  beach-sands.  These  sand- 
stones were  formed,  below  high-water  mark,  by  tiie  cement- 
ing together  of  the  sands  of  the  lower  part  of  the  beach  by 
the  lime  of  shells,  &c.  They  preserved  the  chai-acteristic 
beach  stracture,  and  were  full  of  shells ;  but  of  these  sand- 
stones I  shall  have  more  to  say  farther  on. 

The  lands  behind  tlie  beach  at  BaiTa  Secca  are  fiat  and 
sandy,  and,  tliough  cultivated  to  a  very  slight  estent,  are  of 
no  real  value.  Tlie  lower  grounds  are  damp,  furnished  with 
a  soil,  and  are  largely  covered  with  a  rather  luxuriant  forest- 
growth,  back  of  which  is  the  picturesque  LagQa  Tapada,  a 
large,  irregular,  shallow  sheet  of  clear  water,  margined  by 
griKs-covered  meadows  and  forest.  Its  waters  drain  off 
northward  into  the  Mariricu. 

On  the  beaches  between  the  Rio  Doce  and  the  Sao 
Matheos  the  ti'avcllcr  sees,  at  frequent  intervals,  the  shells 
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and  skeletons  of  sea-turtles,  and  at  certain  times  of  the 
year  there  is  no  sight  more  common  tlian  that  of  a  floek  of 
Urubus  feeding  upon  t!ie  decaying  carcass  of  a  turtle,  re- 
cently killed  by  some  hunter  for  tlie  sake  of  its  flesh,  fat,  or 
ovai'ian  eggs.  Most  abundant  of  the  four  species  which 
occur  on  the  coast  is  the  Loggerhead  Turtle,  Tftalasso- 
chelys  cauwna  Pitz, 

This  species  is  very  common  on  the  Brazilian  coast. 
One  may  fi.-equently  see  it  floating  lazily  about  on  the  sur- 
face of  the  sea,  inside  tlie  Bay  of  Bio,  as  well  as  outside  the 
bar,  but  there  are  regions  where  it  is  especially  abundant, 
and  to  certain  beaches  it  resoiiB  in  great  numbers,  at  par- 
ticular seasons  of  the  year,  to  deposit  its  eggs.  Perhaps  one 
of  the  most  notewortliy  of  these  is  tlie  beach  between  tlie 
Doce  and  Sao  Matheos.  In  tlie  moutli  of  November,  1865, 
I  found  the  turtles  laying  in  the  vicinity  of  Barra  Secca,and 
Mr,  Copeland  and  I  made  a  short  stay  at  the  place  to  capture 
some  specimens  for  tlie  Museum  of  Comparative  Zoology. 
In  the  daytime  the  turtles  remain  out  at  sea,  but  in  the  night 
the  females  come  on  shore  to  lay  theh  egg-s.  According  to 
the  statements  of  the  fishermen,  as  well  as  to  my  own  obser- 
vations, they  come  in  shore  when  the  tide  is  low,  and  having 
gained  the  beach,  creep  to  the  upper  part  beyond  high-tide 
level  before  tliey  make  tlieir  nests. 

I  have  repeatedly  watched  the  movements  of  those  animals. 
They  walk  by  means  of  their  great  flipiiers,  assisted  by  their 
short  hind  legs,  witli  a  very  slow,  hitching  motion,  the  body 
dragging  on  the  sand.  The  flippers  and  feet  mate  two  irreg- 
ular gi-ooves  in  the  sand,  three  or  four  feet  apart,  which  look 
as  if  a  great  wagon  with  cogged  wheels  had  been  driven  over 
the  beach.  These  tracks  are  so  prominent  that  one  may  see 
tliem  even  on  a  dark  night,  and  tliey  serve  to  tell  the  hun- 
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tei-  whether  the  turtle  has  returned  to  the  sea  or  not,  and  to 
guide  him  to  her,  or  to  her  nest.  While  laboriously  workiug 
her  way  up  the  beach,  the  turtle  keeps  her  head  stretched 
out,  and  from  time  to  time  snuffs  ajid  sighs  as  if  fatigued, 
and  mw  and  then  she  rests.  So  intent  is  the  animal  upon 
the  accomplishment  of  her  mission  to  land,  that  one  may 
luounb  on  her  back  without  alarming  her  ;  but  if  too  much 
disturbed,  she  hastily  turns  about  and  makes  her  way  as  fast 
as  possible  to  the  sea.  Arrived  at  the  top  of  the  beach, 
sometimes  just  above  high-water  mark,  sometimes  a  few  feet 
higher  up  among  the  sand-hiUs,  at  others,  even  on  the  land- 
ward side  of  the  sand-ridge,  she  stops  and  prepares  to  make 
her  nest.  This  she  accomplishes  by  means  of  her  flat  hind 
feet,  and  after  this  manner :  She  digs  up  the  sand  with  one 
foot,  and  throws  it  to  one  side.  Then  she  uses  tlie  otlier 
foot  in  the  same  manuer,  working  with  one  foot  after  the 
other,  alternately,  like  a  machine,  as  Neu  Wied  ha3  i-e- 
marked.*  The  sand  which  would  be  likely  to  fall  back 
again  is  moved  out  of  the  way  by  the  foot,  which  moves 
forwai-d  before  it  is  thrust  down  to  deepen  tlie  hole,  and 
scrapes  the  sand  to  one  side.  The  whole  is  a  very  slow 
operation,  occupying  seversd  minutes.  During  this  tune  the 
animal  remains  with  her  head  stretched  foi-ward,  witli  very 
little  motion  of  the  body,  and  occasionally  giving  a  liiss  or 
breathing  heavily.  In  this  way  I  have  seen  a  perpendicular 
hole  dug  in  the  sand  a  foot  and  a  half  or  two  feet  deep, 
and  a  foot  in  diameter.  The  animal  then  remains  quiet, 
and  the  deposition  of  the  eggs  soon  begins.  While  one 
individual  was  laying,  I  caught  the  eggs  in  my  hand,  as  they 
fell.     They  were  laid  two  by  two,  or  ono  by  one,  at  an  inter- 

*  Ncu  Wied  has  in.  his  Journey  a  plate  of  a  turtle  laying.    The  figure  of  Iho 

te,  and  tlio  eggs  are  represented  as  of  different  sizes. 
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val  of  about  half  a  minute,  falling  in  a  heap  into  the  hole,  to 
the  number,  if  I  remember  rightly,  of  143.  A  nest  almost 
always  contains  over  100  egg^,  and  usually  from  120  to  150, 
"When  the  laying  was  going  on,  the  animal  appeared  per- 
fectly unconscious  of  the  presence  of  persons  about  her. 
So  soon  as  it  was  accomplished,  she  rested  a  moment,  and 
tlien,  ■with  her  hind  feet,  scraped  the  sand  back  into  the  hole 
until  it  was  full.  After  tliis  tlxe  body  was  raised  a  little,  and 
eand  was  scraped  underneatli  it.  The  body  then  descended, 
packing  the  sand  tightly,  and  this  operation  was  repeated 
several  times.  It  was  an  exceedingly  interesting  sight  to 
see  this  stupid  reptile  performing  so  strange  an  act,  one  to 
which  she  seemed  to  be  prompted  by  something  more  than 
a  blind  instinct.  The  whole  operation  finished,  slie  turned 
roimd  and  started  for  the  sea,  when  we  captured  her,  by 
taking  hold  of  the  shell  behind,  and  upsetting  her  on  her 
back,  in  which  position  it  is  impossible  for  a  seartm-tle  to 
turn  over.  In  upsetting  one  of  these  annuals  two  persons 
are  usually  required.  As  soon  as  the  animal  is  alarmed, 
she  thrusts  her  fore  paddles  into  the  sand  and  throws  it 
behind  her,  so  that,  if  one  does  not  take  the  precaution 
to  close  his  eyes,  he  is  likely  to  be  blinded. 

The  eggs  are  rather  larger  than  those  of  a  hen,  round, 
and  covered  with  a  tough,  white,  parchment-like  skin.  The 
albuminous  portion  is  clear,  and  does  not  become  hai'd  in 
boiling.  Tlie  yolk  is  very  large,  deep  yellow,  and  is  the 
only  part  eaten.  I  found  these  eggs  very  palatable,  though 
they  tasted  somewhat  fishy.  The  Brazilians  are  very  fond 
of  them,  and,  while  the  turtles  are  laying  in  November,  De- 
cember, January,  resort  to  the  shore  to  collect  tliem,  filling 
in  a  short  time  the  great  panniers  of  tlieir  mules.  Tliey 
discover  the  nests  by  tlirusting  a  long  stick  into  the  sand. 
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and  then  dig  out  the  eggs  with  their  hands.  The  nests 
arc,  I  am  told,  sometimes  despoiled  by  tlie  Teiii  lizard 
(^Teius  mcmitoi-  Merr.).  The  Brazilians  cook  tlie  eggs  in 
various  ways,  but  generally  by  boiling.  The  yolli  is  usually 
mixed  with  sugar  and  fariiiha.  They  are  not  bo  satisfying 
as  tlie  egg  of  the  hen,  and  one  may  eat  a  dozen  at  a  meal. 
Tliey  make  -vcvy  good  omelets.  The  egga  ■whicli  remain 
unmolested  are  hatched  by  the  heat  of  the  sun,  in  about 
twenty  day?,  it  is  said,  when  tlie  young  turtles  dig  their 
way  to  the  surface  and  escape  to  tlie  aea,  where  the  most 
of  them  fall  a  prey  to  sharks  and  other  fish.  The  eggs 
are  laid  at  such  a  depth  below  the  surface  as  to  insure  a 
uniform  temperature,  fur  on  the  surface  the  sands  are 
exposed  during  the  day  to  a  iierce,  bumuig  heat,  while  in 
the  night  they  cool  down  yery  much,  the  dimTial  variation 
of  temperature  amoimtmg  to  thirty  degrees  or  more.  At 
the  depth  of  a  foot  and  a  half,  or  two  feet,  the  temperatiu-e 
is  quite  uniform,  and  would  stand  in  December  or  January 
at  about  eighty  tlegrees.  I  observed  that  the  dogs  at  Earra 
Secca,  when  it  was  culd  at  night,  scraped  away  the  upper 
layer  of  sand  near  my  tent,  and  lay  down  in  the  warm 
sand  below,  and  I  learned  a  useful  lesson  from  them, 
so  that,  when  benighted  and  unsheltered,  I  could  find  a 
warm  bed  on  the  sea-shore.  The  strength  of  the  turtle 
is  enonnous.  A  stout  stick  placed  in  its  bill  was  crushed 
like  a  straw.  The  flesh  is  dark  red  and  coarse.  We  had 
it  cooked  in  various  ways,  but  did  not  find  it  very  good, 
tliough  we  were  obliged  to  use  it  for  food.  The  animal  is 
usually  very  fat,  the  fat  being  of  a  greeniah-ycllow  color, 
and  oil  is  tried  from  it  for  various  purposes  by  the  people 
of  the  coast.  The  ovaries  were  always  full  of  egg?  in  all 
stages  of  development.     These  ovarian  eggs  are  much  es- 
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teemed  by  the  inliabitanfca,  and  the  turtles  are  killed  in 
great  numbers  for  their  sake.  All  along  the  beaches  one 
may  see  carcasses  from  which  the  plastron  has  been  removed 
to  allow  the  ovaiiea  to  be  got  at.  Mr.  Copeland  and  I 
prepared  some  six  specimens  of  the  species  of  turtle  above 
described  in  the  shape  of  skeletons,  shells,  skins,  and  alco- 
holic pi-epa-rations  of  head  and  flippers,  for  the  Museum  of 
Comparative  Zoology. 

The  food  of  this  turtle  appears  to  consist  of  fish,  shell- 
fish, searurchins,  &g.  I  have  observed  growing  on  the  cara- 
paces of  tliese  animals  a  large  barnacle,  Coronula,  like  that 
which  grows  on  the  back  of  the  whale  on  the  same  coast. 

Prince  Max  zu  Neu  Wied,  on  his  journey  northward  from 
tlie  Doce,  saw  a  living  sear-turtle  near  Barra  Secca,  and 
watched  her  lay  her  eggs.  He  lias  referred  this  specimen 
to  the  Green  Tui-tle,  Cheloma  mi/das,]mt  I  do  not  tliink  that 
his  determination  is  satisfactory.  The  specimens  which 
Mr.  Copeland  and  I  collected  have  been  examined  by  Mr. 
J,  A.  Allen,  of  the  Museum  of  Comparative  Zoology,  and 
have  all  proved  to  be  Loggerheads.  I  do  not  think  I  saw  a 
single  mydas  on  the  Brazilian  coast ;  at  all  events,  all  the 
sea-turtles  I  examined  were  different  from  the  gi-een  turtles 
brought  into  the  New  York  market. 

Ei-eimockelys  imbricata  Fitz.  (^Tat-tanig-a  de  Pente  of  the 
Brazilians.)  This  species  occurs  quite  abundantly  on  the 
Brazilian  coast.  It  is  taken  at  the  Abrolhos  together  with 
the  CoMona,  and  its  thick  scales  are  used  to  some  extent 
for  the  manufacture  of  ornaments.  One  may  occasionally 
find  it  in  tlie  markets  of  Pernambueo  and  Bahia,  and  at  the 
latter  city  my  fnend,  Dr.  Anto.  de  Lacerda,  had  one  which 
he  kept  captive  in  the  pool  of  a  fountain  in  his  garden. 

Sphargis  coriacea  Gray.     (Leather-back  Turtle.)     Neu 
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Wied  mentiona  heai'ing  an  immense  sea-turtle  with  a  leath- 
ery skin  spoken  of,  and  which  he  supposed  might  he  Testudo 
coriacea  Linn. ;  but  he  did  not  see  a  specimen.  The  fisher- 
men described  to  me  a  similar  tui-tle,  and  tlieir  description 
would  tend  to  confirm  Neu  Wied's  opinion,  I  did  not  see  a 
specimen. 

Chelonia  tiiydas  Scliu.  (Croon  Turtle.)  According  to 
Neu  Wied  and  others,  this  species  occurs  on  the  Brazilian 
coast,  but  I  have  never  seen  it. 

The  number  of  sea-turtles  destroyed  every  year  on  the 
beaches  between  the  Doce  and  Sao  Matlieos  is  very  large, 
and  tlie  destruction,  if  persisted  in,  must  ultimately  drive 
tliem  from  the  coast. 

Gerher's  map  of  that  part  of  Espirito  Santo  between  Santa 
Oruz  and  the  Sao  Matheos  is  very  inaccurate,  because  the  ma- 
terials from  which  his  map  was  compiled  are  inaccurate,  and 
little  trust  is  to  be  placed  in  the  position  assigned  to  tlie 
lalies  and  minor  streams.  For  this  region  tlte  chart  of 
Mouchez,  though  giving  in  considerable  detail  the  hydrog- 
raphy and  topogi'aphy  of  the  coast  lands,  is  worse  than 
notliing,  for  he  seems  to  have  disregarded  all  tho  previously 
published  maps  of  the  province. 

The  beach,  backed  by  a  high  ridge  of  sand,  runs  north- 
ward, for  perhaps  two  miles,  to  a  place  called  As  Pedras, 
where  the  same  calcareous  sandstone,  as  seen  at  Barra  Secca, 
occurs,  exposed  for  some  distance  along  the  beach  over  a 
considerable  area.  Tlie  beds  dip  seaward,  and  appear  to 
be  very  thick  at  low-water  mark  ;  but  they  thin  out  before 
reaching  higli-water  level.  The  arrangement  of  tlie  mate- 
rials in  this  sandstone  is  precisely  like  that  of  the  beach,  and 
this  formation  is  only  the  lower  part  of  a  beach  ridge  which 
has  been  cemented  by  the  lime  of  shells,  &c.,  and  then  laid 
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bare.  Tlie  sandstone  is  exceedingly  hard.  Two  sets  of 
joints  —  one  parallel  with  the  beach  line,  the  other  at  right 
angles  to  it — divide  it  into  great  blocks,  which,  in  those  spots 
where  tliey  have  been  undenniaed  by  tlie  surf,  lie  upset  and 
in  confusion  along  the  edge  of  tlie  reef.  Along  tliese  joints 
the  rock  is  often  harder  than  between  them,  so  that  when 
the  surface  of  a  block  ia  exposed  to  the  action  of  the  sea,  the 
edges  wear  less  rapidly  tlian  tlie  middle,  and  the  cracks 
seen  on  a  worn  surface  are  oftentimes  bordered  by  nar- 
row ridges.  These  have  evidently  resulted  from  the  pene- 
tration into  the  mass  of  water  carrying  Ume  in  solution, 
after  tlie  joints  liad  been  foiined,  and  the  farther  solidifi- 
cation of  tlie  rock  on  each  side  of  the  joint.  The  waves 
beat  terribly  against  this  reef,  and  it  is  badly  broken  up. 
Continuing  northward  along  the  reef,  which  sometimes 
forms  a  smooth  pavement  to  the  beach,  at  otliers  obstructs 
it  by  broken  masses  of  stone,  we  come  to  a  rocky  point 
where  the  shore  bends  hi  abruptly,  and  makes  a  little  bay. 
The  beach  ridge  ends  as  abruptly,  and  llie  shores  of  the 
cove  have  no  ridge,  but  the  reef  rock  continues  straight  on, 
and  forms  a  line  of  rock,  stretching  out  some  distance 
across  the  bay,  wliile  at  low  tide  one  may  see  that  the 
reef,  only  just  covered  by  water,  is  continued  across  the 
bay  to  a  pomt  where  the  beach,  furnished  with  a  sand- 
ridge,  follows  once  more  its  normal  noi^tliward  trend. 
This  locality  is  very  interesting,  because  it  shows  us 
that  the  sandstone  is  coniined  to  the  beach,  and  that, 
when  the  beach  ridge  and  the  sands  behind  have  been 
swept  away,  by  a  storm  or  otherwise,  the  bared  reef  may 
stretch,  like  a  wall  or  breakwater,  across  the  coast  inden- 
tation thus  formed. 

Still  farther  northward  we  find  the  beach  bordered  by  a 
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fringing  reef  of  this  sort,  —  a  sort  of  irregular  flagging  to 
its  edge.  Riding  over  tliese  one  sees  the  ordinary  shells  of 
the  coast,  with  their  colors  still  fresh,  imbedded  in  the  rock. 
There  is  a  species  of  marine  worm  which  constructs  on  tliese 
roclts,  near  low  tide,  great,  rounded,  flattened  agglomerar 
tions  of  sand-tubes,  which  are  sometimes  more  tlian  a  foot 
in  height,  and  i-esemble  immense  sponges.  The  sand  is 
very  compactly  cemented  together,  as  might  be  inferred  from 
their  withstanding  the  continuous  poimding  of  Oie  Atlantic 
surf.  Sometimes  these  masses  are  broken  across,  when 
they  appear  like  fragments  of  some  lai-ge  Astrsean.  At  one 
locality  on  the  shore,  opposite  these  rocks,  there  is  a  shallow 
lagoon  of  considerable  extent,  called  Mariricli,  which  lies 
just  behind  the  beach,  and  is  separated  from  the  sea  only 
by  the  beach  ridge,  which  latter  rises  to  a  height  of 
but  five  feet  above  high-water  mark.  I  found  the  surface 
of  this  lake  to  be,  on  the  18th  November,  1865,  about  five 
feet  and  a  half  above  the  level  of  the  sea  at  low  water.* 
Since  it  is  separated  from  the  sea  by  only  a  narrow  I'idge 
of  sand,  there  is  a  constant  soaldng  of  its  watera  through 
the  beach  at  low  tide.  It  has  seemed  to  me  probable  Ihat 
the  waters  of  the  lag3a  percolating  through  the  beach  might 
have  sometliing  to  do  with  the.  solidification  of  the  sands. 
The  narrow  beach  which  separates  the  lake  from  tlie  sea 
is  the  only  dry  ground  between  the  swamps  and  tlie  ocean, 
and  it  is  the  road  taken  by  the  wild  animals  passing  north 
and  south  along  tlie  shore.  At  As  Azeites,  a  htUe  settle- 
ment near  tlie  shore,  and  about  three  leagues  south  of  SSo 
Matheos,  there  are  several  beach  ridges,  one  inside  of  the 
other.  Inside  of  these,  draining  the  lagfias  and  swamps  of 
the  south,  flows  a  little  black-water  stream  called  tlie  Rio 
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Mariricu.*  At  As  Azeitea  the  awampy  region  ia  several  miles 
wide,  and  a  considerable  part  of  it  is  ovei'flowed  ;  but  the 
lagoona  and  atreams  are  so  masked  by  floating  masses  of 
water-planta  (balsas'),  and  a  dense  swamp  vegetation,  that 
tiie  country  is  impassable,  and  consequently  unknown  to  tlie 
inhabitants  of  the  district  itself.  At  Azeites  the  Mariricd 
is  only  a  narrow,  navigable  chsmnel  leading  through  a 
wide,  overflowed  region,  and  bordered  by  balsas  of  grasses, 
arborescent  arums,  and  trees,  A  narrow  canal;  several 
hundred  feet  long,  is  here  cut  through  the  floating  vegeta- 
tion to  reach  terra  firma.  On  descending,  the  channel 
frequently  expands  into  broad  lagoons,  diversified  by  balsas, 
and  ialanda  with  clumps  of  trees,  but  the  channel  soon  con- 
tracts, tliough.the  growth  of  floating  grasses  f  on  each  side 
makes  it  appear  very  much  narrower  than  it  is  in  reality. 
In  some  places  it  is  one  hundred  and  fifty  feet  wide  and  ten 
to  fifteen  feet  deep.  The  lands  bordering  it  are,  for  a  large 
part,  only  just  above  water,  and  are  heavily  wooded.  In  these 
forests  one  sees  the  Gamelleira  (Ficu-s'),  and  the  Tucum  palm 
(Astrocarywn  tucuma  Mart.),  furnishing  a  valtiable  fibre,  and 
the  Ing4,  while  on  the  open  grounds  flourishes  tlie  Cashew, 
or  Cajueira  (Anacardium  ocddentale'),  some  immense  trees 
of  which  I  saw  growing  at  As  Azeites.  These  lands  are 
very  excellent  for  the  cultivation  of  rice.  There  are  some 
stretches  of  higher  sandy  grounds,  which,  though  not  fertile, 
are  more  or  less  cultivated,  producing  mandioca,  feijSo,  cot- 
ton, rice,  and  com.  The  Mariricii  empties  into  the  SSo  Ma- 
theos  a  few  miles  above  its  mouth.     Tlie  tide,  which  goes 

*  In  all  probability  dnring  heary  freshets  some  of  llie  shore  lagSas  may 
make  outlets  for  themeelres ;  but  the  only  baiTse  I  saw  hetween  the  Dooe  and 
Sao  Matheoa  were  those  of  MonaeiTaa  anil  Secca. 

t  TliiB  is  the  resort  of  great  numbers  of  alligators,  capaharaa,  and  of  many  spe- 
cies of  waJcr-birds,  —  dneks,  parras,  cranes,  &c.,  —  many  of  which  breed  there. 
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Up  the  SSo  Matheos  some  thirty-five  miles,  makes  its  influ- 
ence felt  up  the  Mariricii  for  some  distanee.  Sometimes, 
during  drouths,  the  salt  water  flows  up  the  river  and  killa 
tlie  floating  grasses,  and  many  of  the  fresh-water  iisli  die. 

The  Bio  Sao  Matheos  rises  in  tlie  province  of  Minas, 
in  the  forest,  south  of  tlie  Colonia  de  XJrucA ;  but  I  have 
no  information  as  to  the  exact  point,  for  tlie  region  of 
its  head-watera  is  a  forest  inhabited  by  savages  and 
quite  unexplored.  In  a  manuscript  map  kindly  furnislied 
me  by  my  friend,  Herr  Robert  Schlobach,  Imperial  engi- 
neer of  tlie  Mucury,  the  Rio  SSo  Matheos  is  represented  as 
taking  its  rise  a  few  miles  south  of  Philadelphia.  Its  an- 
cient name  was  Cricar6,  or  Quiricarg.  It  is  formed  by  the 
union,  at  a  distance  of  about  sixty  miles  above  its  mouth,  of 
two  branches  called,  respectively,  Era^o  do  Norte  and  Era^o 
do  Sul.  I  made  a  horseback  journey  to  the  Faaenda  do  Capitao 
Grande,  distant  some  forty-five  miles  from  the  city  of  S^o 
Matheos,  and  situated  on  the  Bra^o  do  Noi^te,  a  few  miles 
above  its  junction  with  the  Bra^o  do  Sul,  and,  descend- 
ing to  the  sea,  mapped  the  river  as  far  as  SSo  Matheos, 
below  which  I  was  prevented  from  continuing  my  work. 
At  Capitao  Grande  the  river,  a  stream  some  one  hundred 
feet  wide,  shallow  and  swift,  flows  in  tlie  bottom  of  a 
valley,  cut  through  tlie  tertiary  formation,  which  here  has  a 
tliickness,  above  river  level,  of  tliree  hundred  feet,  more  or 
less.  On  both  sides  of  tlie  valley  tlie  country  is  a  plain,  for 
the  most  part  heavily  timbered,  especially  on  the  slopes. 
At  the  fazenda,  the  soUs  on  tlie  slopes  appear  to  be  drift,  and 
are  exceedingly  fertile.  The  coflee  on  tlie  slopes  was  vigor- 
ous and  healthy,  without  blight,  and  it  was  very  heavily 
fruited  with  a  berry  of  excellent  aroma.  I  do  not  remember 
having  seen  anywliere  better  coffce-ti'ees  than  those  at  Capi- 
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tSo  Grande.  The  soil  yields  mandioca  and  tlie  other  products 
proper  tx)  the  climate  in  aliundance.  In  the  narrow  valley 
the  climate  is  very  hot,  trying,  and  feverish,  hut  the  clearing 
away  of  tlie  forests  will  change  its  character.  On  the  Bra^o 
do  Norte  claya  are  occasionally  esposed  in  the  hluffs,  togeth- 
er with  a  kind  of  coaree  white  sandstone  such  as  would  re- 
sult from  the  hardening  of  the  sandy  clays  of  the  tertiary. 
There  are  hut  few  inhabitants  on  this  branch  of  the  river. 
Of  the  Bra^o  do  Sul  I  know  nothing.  The  main  river  is  a 
respectable  little  stream,  one  hundred  and  fifty  to  two  hun- 
dred feet  in  width  above  SSo  Matheos,  and  bordered  by 
alluvial  lands,  wliich  lie  in  the  bottom  of  a  valley  cut 
through  the  tertiary  beds,  and  vary  much  in  ividth.  The 
valley  is  bordered  by  bluffs,  in  which  sandstones  and  clays 
of  ordinaiy  type  are  occasionally  seen.  The  tei-tiary  slopes 
ai-e  veiy  fertile  and  largely  cultivated,  as  are,  to  a  consider- 
able extent,  the  lands  on  the  upper  plain,*  so  tliat  the 
country,  witli  its  numerous  fazendas  and  cocoa-palm  trees, 
wears  a  very  pleasant  aspect. 
Tlie  cocoa  palm  (^Cocos  nucifera)  is,  accoiMiing  to  Wal- 

•  The  soil  of  Ihe  upper  pldn,  when  imoleai'ed,  nsuafly  hears  a  heavy  forest 
groivth.  It  is  more  or  leas  sandy  anii  clayey,  and  I  should  snpposa  monld  bo 
difQcult  to  work ;  lint  I  am  told  that  such  is  not  the  case.  It  is  frequently 
covered  with  a  thin  layer  of  loose  sand  on  the  sm'face,  owing  to  flie  washing 
away  of  the  clayey  portion  by  the  snr&ce  walei-.  It  is  especially  fitted  tor  the 
cultivation  of  mandioca,  which  flourishes  well  in  a  sandy  soil,  as  well  as  for 
cotton,  wliic'.i  also  docs  n-ell  In  a  soil  of  that  kind.  Cajio  ia  planted  to  some 
extent.  When  clenred,  these  lands  make  excellent  grazing  grounds,  but  grass 
ranst  he  planted.  On  the  Sertao  flourish  the  Nayd,  Timfmr^,  and  Mart  palms. 
KortLwaat  of  &%a  Matlicos,  on  the  north  side  of  the  river,  are  some  extensive 
barren  and  swampy  plains  covered  by  a  v^etation  composed  of  shmbs, 
among  wliieh  I  ohservod  a  species  of  Vaccininm  in  frnit.  The  soil  of  the  river- 
hordora  is  Maaaap^,  and  very  fertile ;  hut  these  are  generally  very  low  and  liable 
to  be  flooded.  Kear  SSo  Matheos  are  cstensive  swamps,  wlilch  sometimes  breed 
very  malignant  ftrers. 
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lace  and  otlier  good  authorities,  not  a  native  of  America,  and 
the  early  explorera  of  Brazil  do  not  speak  of  it.  Its  home 
appears  to  have  heen  in  the  East  Indies,  hut  it  haa  been  in- 
troduced into  Amei'ica,  probably  by  uatui'al  means,  tlie  im- 
pervious shell  and  thick  husk  fitting  the  fruit  to  beai-  long 
ti'ausportation  by  ocean  currents.  It  is  now  found  eveiy- 
where  on  ts-opical  coasta,  but  in  the  East  Indies  it  is  more 
largely  cultivated  tlian  elsewhere,  sometimes  even  forming 
forests.  It  is  a  very  valuable  tree,  furnishing  food,  oil,  fibre 
for  cordage,  arrack,  &c.,  &c.* 

Von  Tschudi  says  that  Villa  Vi§osa  is  ihe  southern  limit 
of  this  pahn  in  Brazil.  This  is  not  quite  correct.  South  of 
Sao  Matheos  these  ti'ces  are  but  rarely  seen,  but  they,  how- 
ever, grow  at  Rio  de  Janeiro,  and  great  numbers  may  be 
seen  on  the  shores  of  Paquet^,  while  there  ai~e  a  few  speci- 
mens on  tlie  islands  of  Cobras  and  ViUeganhSo.  At  the 
Barra  do  Sao  Matheos  they  grow  very  well,  and  at  the 
Fazenda  do  Campo  Eedondo,  at  a  distance  of  several  miles 
from  the  sea,  there  is  a  fine  grove  on  the  edge  of  a  bluff. 
Tliis  palm,  as  has  been  frequently  remarked,  appears  to 
flourish  best  on  the  sands  of  the  sea-shore,  and  it  is  veiy 
rarely  seen  at  any  great  distance  inland. 

A  specimen  was  seen  by  Burton  on  the  SSo  Francisco  at 
Brejo  do  Salgado,  three  hundred  and  fifty  miles  from  the 
sea  ;  and,  according  to  the  same  observer,  the  cocoa  palm 
occurs  in  occasional  patches  tlience  down  the  river.  Burton 
speaks  of  a  large  grove  twenty-eight  miles  to  tlie  southwest 
of  Joazeiro,  and  he  suggests  that  the  saline  character  of  the 
soil  may  make  up  tor  the  want  of  sea  air. 

*  See  Hamilton,  Description  of  Hindostan,  Vol.  II.  p.  210.  Mejen,  Botan- 
ical Geographj',  p.  331.  Transactions  of  Royal  Asiatic  Society  of  Great  Britain, 
Vol.  I.  p.  546.  Bennett's  Travels  in  New  South  Wales,  &e..  Vol.  11.,  Appen- 
dix, p.  295. 
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Humboldt  fouiid  tliis  palm  giomng  in  the  interior  of 
Venezuela,  and  tlie  Dnke  Paul  von  Wiirtemburg  reports  it 
as  flourisliing,  at  a  distance  from  the  sea,  in  the  island 
of  Cuba,  It  occurs,  also,  soraetimea  in  the  interior  of 
India. 

In  Brazil  I  have  seen  the  cocoa  palm  as  fai-  south  as  lati- 
tude 23°  at  Kio.  It  is  grown  abundantly  in  tlie  provmcea  of 
Eahia,  Sergipe,  AlagSas,  Pernambuco,  and  along  the  coast 
northward,  but  near  the  equator  it  ia  rarely  seen.  The 
northern  limit  appears  to  lie  witliin  latitude  28"  north  of  the 
equator.  Mayen  says,  on  the  authority  of  Humboldt,  that 
in  Venezuela  it  ascends  to  the  height  of  700  toises  above 
the  plain,  or  in  the  vicinity  of  4,500  feet  above  tlie  sea. 

The  products  of  the  SSo  Matheos  region  are  principally 
mandioca  meal  (Jarinha),  togetlier  with  some  sugar,  cacfe, 
beans,  &c.,  &c.  The  cacdo  is  principally  planted  on  the  lower 
grounda,  where  it  yields  well.  The  influence  of  the  tide  is  felt 
at  a  distance  of  some  twenty-five  miles,  or  more,  above  tlie 
montliofthc  river,  and  navigation  for  small  vessels  ends  a  few 
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miles  above  the  town.  The  height  of  the  bluffs  d 
nciu-ing  the  coast,  and,  at  tlie  city,  tliey  ai'e  not  more  tliaii 
eighty  to  one  hundred  feet.  Sao  Matheos,  like  Nova  Almeida 
and  other  Brazilian  towns,  is  built  partly  on  tbe  edge  of  Uie 
bluff,  partly  at  its  foot,  by  the  river.^ide,  at  the  point  where 
tlie  bluffs  leave  the  river  and  run  southwai'd  to  the  Doce. 
It  has  about  two  thousand  inhabitants,  and  is  a  place  of 
some  considerable  importance,  being  reached  by  the  coast- 
ing steamers  and  little  schooners.  The  ti'ade  is  princi- 
pally in  fai'inha,  feijao,  &c.  On  the  opposite  side  of  the 
river  the  bluffs  run  eastward  for  a  few  miles,  and  then 
trend  off  nortliwai-d  to  Itahunas,  decreasing  in  height  as 
tliey  near  the  sea.  This  decrease  in  height,  I  am  inclined 
to  ascribe,  in  part,  to  the  slope  of  the  old  sea-bottom,  on 
which  the  tei-tiary  beds  were  deposited. 

Below  the  town  the  river  grows  wider,  shallower,  and  is 
obstructed  by  sand-banks.  The  banks  are  low,  with  only 
occasional  plantations,  and  are,  for  the  moat  part,  covered 
by  a  dense  forest ;  but,  lying  between  the  tei-tiary  lands  and 
the  sea  on  the  noi-them  side,  at  least,  are  qaita  extensive 
sandy  plains  witli  their  accompanying  sparse  vegetation. 
The  river-banks  are  generally  muddy,  and  tlie  aninga  and 
otlier  brackish-water  swamp  plants  grow  abundantly  on 
them.  Salfrwater  crabs  and  fish  ascend  to  the  town.  The 
city  of  SSo  Matheos  cannot  be  more  tlian  seven  or  eight 
miles  in  a  direct  line  from  the  sea,  and  is  veiy  incorrectly 
located  on  the  maps.  According  to  my  obseivation,  it  lies 
about  west-southwest  of  the  barra.  The  river,  descending 
from  the  city,  makes  a  large  bend  southward,  receiving  the 
Mariricu  ;  it  tlien  runs  north  a  few  degrees  east,  and,  just 
above  the  barra  bends  round  and  enters  the  sea  from  the 
northwest.     The  maps  show  a  Eio  Sao  Domingos  entering 
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the  SSo  Matheos,  just  above  the  Tilla,  but  I  find  no  note  of 
it  in  m.y  journal.  The  Villa  da  BaiTa  do  Sao  Matheos  is 
situated  on  a  ridge  of  sand,  only  a  stone's  throw  from  the 
sea,  but  it  is  nearly  two  miles  from  tlie  mouth,  because  the 
river  flows  aoutliward,  behind  the  beach  ridge  for  that  dis- 
tance, before  escaping  into  the  sea.  On  both  sides  of  the 
river,  but  particularly  on  tlie  southern  side,  there  are  exten- 
sive mangrove  awamjis,  which  furnish  very  interesting  col- 
lecting grounds  for  the  naturalist,  for  they  are  especially 
rich  in  crustaceans.  Among  the  mangroves  two  genera  are 
represented, —  Laguncularui  and  Avicennia.  The  common 
red  mangrove  of  tlie  Brazilians  is  the  Lagw/icularia  racemosa 
Gaert.,  of  which  the  wood  is  used  for  burning,  and  the  leaf 
and  bark  for  tanning.  The  second  species  is  the  Avicennia 
tomentosa  Linn^,  used  for  tlie  same  purposes. 

One  league,  or  tliereabouts,  north  of  the  Barra  do  SSo 
Matheos,  is  the  mouth  of  tlie  Eio  Itahunas,  or  Guaxindiba. 
This  little  stream,  a  black-water  river,  as  has  already  been 
noted  by  Max.  zu  Neu-Wied,*  rises  in  tlie  SertSo,  and  reaches 
the  coast  at  a  point  some  three  leagues  north  of  tlie  moutli ; 
but  a  beaeli  ridge,  only  a  few  hundred  feet  in  widtli,  prevents 
its  reaching  the  sea,  and  causes  it  to  bend  abniptly  to  the 
southward,  so  that  it  flows  along,  through  the  low  grounds, 

*  Prinz  Mas.  zu  Nen  Wied,  Beise  naei  Bnmlien,  Vol,  I,  p.  226,  saye  that  the 
Pfix^joi,  or  manatt,  M<atQ£us  tanerkanvSi  occurs  in  a  lai^  gi'aBS-grown  lake 
south  of  t!ie  Sao  Matheos  and  eommunieating  with  that  river,  and  that  it  uaed 
to  be  captured  by  the  inhabitants  for  the  Sato  of  its  blnliber,  flesh,  and  ear-bonea ; 
and  in  tlie  second  volume  of  his  Beilrage  mxr  NalurgesdiiiAie  um  BrasilUn,  page 
602,  he  states  that  it  occuiTed  plontifullj  in  the  rirer  and  lake  aforesaid,  or  in 
the  vicinity  of  the  Quartel  Juparanaa,  nnd  iveb  formerly  frequently  taken  hy 
the  inhabitants.  Ho  adds,  hoivever,  that  he  had  novei-  seen  a  specimen. 
While  at  SSo  Miitheoa,  and  during  a  stay  of  throe  months  in  that  part  of 
the  coast,  I  never  heard  the  animal  spoken  of,  and  I  do  not  believe  that  it  is 
row  to  be  found  thera    [See  note  on  page  75,) 
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just  beliiiid  the  beach  ridge,  for  h¥0  or  three  leagues.  It 
is  rather  narrow,  but  very  deep,  and  vessels  of  consider- 
able size  enter  it.  It  is  navigable  for  some  distance  into 
the  interior,  and  fnriiiahes  aa  excellent  water  highway. 
Near  its  mouth  a  riacho  *  enters  it  froui  the  soutliward, 
and  this  affords  navigation  nearly  to  the  Barra  do  SSo  Ma- 
theos.  A  canal  is  being  opened  to  jom  thia  riacho  with  tlie 
Sao  Matheos.  The  low  lands  between  the  bluffe  and  the 
coast  are  for  the  most  part  timhei-ed ;  but  tliey  furnish  some 
excellent  pastui-age.  On  the  Itahlinas,a  strip  of  sand  mar- 
gins tlie  bluffs  and  appears  to  be  Hie  continuation  of  the  sand 
plain  on  the  Sao  Matheos.  The  bluffs  bordering  the  plain 
are  only  thirty  or  forty  feet  in  height,  but  they  grow  higher 
as  we  go  westward,  and,  at  a  distance  of  two  leagues  from 
ItahiSnas,  they  are  at  least  one  hmidred  feet  high.  They 
have,  as  elsewhere,  steep  slopes,  and,  in  part  at  least,  are 
covered  by  a  very  fertile  soil.  On  the  Fazeuda  of  Senhor 
Olindo  Gomes  dos  Santos  I  saw  most  excellent  crops,  espe- 
cially of  mandioca  and  coffee,  which  were  almost,  if  not 
quite,  equal  to  anytliing  on  the  SSo  Matheos. 

Off  the  shore,  in  front  of  the  town  of  Itahiinas,  are  some 
ledges  of  rock  washed  by  the  waves.  I  could  not  examine 
them,  but  I  tliought  them  to  be  sandstones.  The  bluff's 
sweep  round  to  the  shore,  just  to  the  north  of  a  little  riacho, 
called  Doce,  if  I  mistake  not,  and  a  short  distance  to  the 
south  of  the  first  point  north  of  Itahunas  ;  they  form  along 
the  shore,  for  a  distance  of  several  miles,  a  line  of  low 
cliffs,  which,  from  their  whiteness,  have  received  tlie  name 
of  Os  Len^fies.  These  cHffs  are  nowhere  more  than  thirty 
to  forty  feet  in  height,  this  being  the  tliickness  of  tlie  format 
tion  exposed  above  the  sea.     The  most  prominent  feature 

*  This  terra  ia  Applied  to  small  tstuaviea.    It  means  literalij  a  small  river. 
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ill  this  line  of  cliffs,  is  a  hard  gray  grit  with  an  argillaceous 
cement,  and  in  some  places  twenty  feet  in  tliiekness.  Tliis 
rock  is  composed  of  materialB  precisely  like  those  of  the 
sandy  clays  of  Lag6a  Juparanaa,  and  elsewhere ;  but  the 
rock  is  so  compact  and  hard  as  to  be  used  as  a  building- 
stone  at  Itahunas,  although  I  believe  that  the  stone  actually 
used  is  derived  from  quanies  near  the  village.  Associated 
with  this  rock  are  white  and  red  clays,  and  beds  of  the 
common,  coai'se,  red,  lava-like  sandstone.*  The  cliifs  end 
at,  or  in  tlie  immediate  vicinity  of,  the  Itiacho  das  Ostras, 
a  httle,  black-water  stream,  of  whose  course  I  know  notliing, 
but  the  bluffs  continue  along  the  shore  much  further.  Riacho 
Novo  is  another  bla«k-water  stream,  which,  before  emptying 
into  tlie  sea,  runs  for  several  miles  in  a  deep  channel  just  he- 
hind  the  beach  ridge.  The  tide  enters  this  channel,  and  it  is 
navigable  for  canoes  for  a  considerable  distance.  Tlie  whole 
country  between  Itahunas  and  the  Mueury  is  wooded,  the 
lower  and  wet  groiuids  very  luxuriantly,  tlie  higher  and  drier 
less  so,  the  latter  often  supportmg  only  a  thick  growth  of 
small  ti'ees  and  bushes.  Dunes  of  sand  occur  on  the  shore 
near  the  Mueury,  and  in  one  locality  there  are  exposed  on 
the  sand-beach  tlie  stumps  of  trees,  rooted  in  their  soil  and 
upright,  something  wliich  points  to  an  encroachment  on  the 
shore  by  tlie  sea.  I  have  observed  dead  trees,  apparently 
mangroves,  standing  in  the  water  off  the  shore  below  Cara- 
vellas.  Has  there  been  a  recent  depression  of  this  part  of 
tlie  coast? 

*  I  was  delayed  one  morning  at  a  li tile  settlement  j not  Eoufh.  of  the  Eiaehodas 
Ostras,  and  I  undertook  a  cnreful  examinalioa  of  tl  e  beds  for  foss  Is,  but  I  saw 
not  the  slightest  trace  of  organic  remains  n  them  I  am  »o  ij  tl  at  I  was  nn- 
able  to  make  iioteB  on  the  arrangement  of  the  mafen  !a  n  tl  e  eliff ;  but  the 
placo  was  like  a  fiiraacu,  and  I  was   1      e      a      jlytleanb      led  and  es- 
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CHAPTER    III. 

PKOVTNCE    OP    MINAS    GEKAES.  —  THE    MUCURY    AND     JEQTJI- 
TINHONOA   BASINS. 

The  Basin  of  tlie  Miicury.  —  Porto  Alegre.  —  DeEeriptJon  of  the  Rlvov  below 
Santn  Clara,  —  Lvixm-iance  of  Forest  Vegetation.  —  Santa  Clara.  —  Minaa 
GBTaes  a  Land-locked  Provinca  —  Want  of  Eoads.  —  The  Philadelphia  Boatl 
and  the  Mucury  Colonies.  —  Diftei'enoe  in  Topography  and  Soils  lietmeen  the 
Tertiary  and  Gneiss  Landa  west  of  Santa  Clara,  —  Urucil,  its  Dutcli  Colony, 
Soils,  Climaie,  &C.  —  Philadelphia  and  its  German  Colonita.  —  Great  Fer- 
tility of  the  Mneavy  Basin.  —  Chavactor  of  Country  between  Philadelphia 
ancl  the  Head-ivateva  of  the  Mnciu'y.  — The  Basin  of  the  Jequitinhonha.  — 
The  Eio  PaiiJo.  —  General  Geological  Sti'ncture  of  the  Jequitinhonha-Pardo 
Basin.  —  The  Head-waters  of  the  Setubal,  their  Geological  Features  and  Ca- 
tinga  Forests.  —  Geological  Excnrsion  from  the  Fazenda  de  Santa  Barbara,  to 
Alto  dos  Boia.  —  Difficulty  of  geologising  in  Braail.  —  The  Brasilian  Cam- 
pos.—  The  Chapadaa  between  Itinga  and  Calhio,  —  The  great  CalhSo- 
Arassuahy  Valley.  --  MRgnificent  View  over  the  Valley  from  the  Chapada  at 
Agua  da  Nova.  — CnlhSo  and  the  Geology  of  its  Vicinity, —Description  of 
the  Countiy  between  CalhSo  and  Sucuriil.  —  TheChapadas.  —  Minas  Novas, 
its  Geology,  Gold-Mines,  &c.  —  Occuvrenee  of  Gold  in  Drift.  —  GoW-Mioes 
of  the  Arraial  tla  Chapada ;  their  former  Richness ;  not  yet  worTted  out.  — 
Decomposition  of  Clay  Slates  in  the  Minas  Novas  Region.  —  The  Bio  Aras- 
snahy.  —  The  Rio  Jequitinhonha  from  its  Confluence  with  the  Araasnnliy  to 
the  Sea  described ;  its  Geology,  Vegetation,  Commerce,  —  The  Salto  Grande. 

The  Rio  Mucury  takes  its  rise  in  the  province  of  Minaa, 
about  150  milea  west  of  Villa  Vi^osa,  among  tlie  high  lands 
which  form  the  water-shed  bounding  the  basin  of  tlie  Jequi- 
tinhonha on  the  east.  Its  course  for  the  first  seventy-five 
miles,  curves  excepted,  is  approximately  east-northeast,  when 
it  meets  the  Eio  Preto,  a  stream  rising  in  the  same  irater-slicd 
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some  forty  miles  to  flio  iiorth-northcast.  This  last  river 
flows  \ritli  a  coiirse  almost  parallel  to  the  Mucuiy  up  to 
about  the  same  meridian,  when  it  receives  tlie  httle  Rio  das 
Americanas  coming  from  the  north.  It  then  bends  ahraptly 
to  the  aoiitli,  to  join  the  Mucury,  the  combined  waters  of  tlie 
two  streams  flowing  still  soutliward  until  they  reach  the  Rio 
Todos  OS  Santos,  a  stream  rising  at  a  point  south  of  the 
Mucury,  and  forty  miles  south  of  the  source  of  the  Rio  Pre- 
to,  and  flowing  also  parallel  with  the  Mucury.  The  Mucury 
soon  bends  gradually  round  to  the  east,  and,  making  sev- 
eral broad  cm-ves,  runs  with  a  general  southeast  direction 
to  Santa  Clara,  on  tlie  boundary  between  the  provinces  of 
Minas,  Bahia,  and  Espirito  Santo,  a  distance  of  tliirty  miles, 
in  a  straight  line,  but  much  more,  following  tlie  course  of 
the  river.  The  Rio  TJrucii  is  another  river  flowing  in  a  val- 
ley parallel  with  the  Todos  os  Santos  and  Upper  Mucury,  but 
emptying  into  the  Mucury  proper  on  the  right  bank,  some 
fifteen  miles  in  a  straight  line  below  tlie  nioutli  of  the 
Todos  OS  Santos.  On  the  opposite  or  northern  side  the 
Mucury  receives,  ahoufc  eight  or  ten  miles  farther  down,  flie 
Rio  PampSo,  which  comes  from  the  nortli,  and  has  appar- 
ently a  course  of  about  sixty  miles ;  but  its  upper  waters 
have  never  been  explored.*  Above  Santa  Clara  the  Mucury 
and  its  tributaries  are  swift  and  obstructed  by  rapids,  but 
from  Santa  Clara  the  main  river  mns  with  a  very  toi-tuous 
com-se,  as  a  no  iTa/reia,  to  the  sea,  into  which  it  empties  in 
latitude  18"  6'  S.,  and  ten  and  a  half  miles  south  of  the  par- 
allel of  Santa  Clara.  Its  waters  come  principally  from  the 
province  of  Minas,  where  it  drains  an  irregular  triangular 

*  Some  of  ibe  lands  of  the  Mucury  company  were  sitnaCed  on  the  PampSo. 
The  only  one  who  has  visited  them  is  my  friend  Mr.  George  Sehieber,  one  of 
the  surveying  corps  of  the  Mucury. 
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area,  bounded  as  follows  :  by  a  line  running  due  north  along 
tlie  Serra  dos  Aymor^s,  eighty  miles,  another  line,  135  miles 
long,  running  a  little  east  of  iiortlieast,  and  another  on  tlie 
south  about  110  miles  long,  and  running  eastr-west  along  the 
water-shed  dividing  the  basin  of  the  Mucury  from  those  of 
the  Doco  and  SSo  Matlieos.  This  triangle  is  a  right-angled 
one.  From  its  southeast  angle  the  area  drained  forms  an. 
irregular  strip  some  six  or  more  miles  mde,  along  the  mid- 
dle of  which  flows  the  river.  In  the  study  of  this  river  sys- 
tem, several  points  stiike  one  as  interesting.  The  parallel- 
ism of  tlie  Rios  Pretp,  Mucury,  Todos  os  Santos,  and  Urucvi 
shows  that  they  flow  in  pai-aUel  valleys,  which  are  evidently 
determined  by  the  trend  of  the  foldings  into  which  tlie  gneiss 
is  thrown.  The  coincidence  in  direction  between  the  courses 
of  the  Ttio  das  Amerieanas  and  tliat  of  the  Rio  Preto  above 
the  Mucury,  and  the  latter  to  its  confluence  with  the  Todoa  os 
Santos,  points  to  a  valley  running  nortli-south,  into  which 
the  rivers  Preto,  Todos  os  Santos,  and  Mucury  empty  as  side 
ti'ibutaries.  Tlie  PampSo  flows  in  a  similar  valley.  It  is 
interesting  to  compare  the  basin  of  the  Mucuiy  with  that  of 
the  Doce.  In  each,  the  greater  part  of  the  region  drained 
lies  west  of  the  coast  cordilheira,  while  east  of  the  cordilheira 
the  area  dwindles  down  to  a  narrow  strip  bordering  the 
river  on  each  side.  Between  these  two  rivers  are  intercal- 
ated the  Sao  MatheoB,  Itahunas,  &c. 

With  tliese  introductory  remarks  on  the  hydrography  of 
the  Mucury  basin  I  propose  to  give  a  somewhat  detailed 
description  of  the  river  basm  in  ascending  the  river  to  Santa 
Clara,  and  then  traversing  the  basin  tlieuce  westward  to  the 
head  of  the  Mueuiy  Pequeno,  along  the  line  of  the  Santa 
Clara,  Philadelphia,  and  Minas  road.  Tlie  Rio  Mucury,  con- 
trary to  the  general  rule,  enters  the  sea  obliquely  from  the 
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south.  Its  moutli  is  narrow  and  difficult  to  enter,  being 
ranch  less  practicable  than  the  SSo  Matheos.  On  the  left 
banli  at  the  mouth,  built  on  a  sand-bank,  and  surrounded 
by  mangrove  swamps,  is  the  miserable  little  village  to  which 
the  ridiculous  misnomer  of  Porto  Alegre  has  been  applied. 
Tlie  place  is  of  importance  only  as  tlie  port  of  tlie  Mucury 
district,  which  exports  coffee,  cotton,  rosewood,  &c.  From 
Porto  AlegTC  large  quantities  of  salt  are  sent  into  the  inte- 
rior, where  it  finds  its  way  into  the  very  heart  of  the  prov- 
ince of  Minas  Geraes,  Dry  goods  are  also  imported  through 
the  same  channel.  The  town  ia  one  of  the  most  wretched  I 
saw  in  Brazil.  Its  inhabitants  are  principally  of  Tupi  origin. 
Prom  Porto  Alegre  to  Santa  Clai'a,  a  distance  of  forty-five 
miles  hi  a  straight  Une,  but  at  least  fifty-five  by  the  river, 
the  stream  is  ratlier  shallow,  very  tortuous,  nari'ow,  and 
affording  navigation  for  jtrcmchas,  canoes,  and  a  very  small 
steamer ;  but  the  water  is,  for  a  considerable  part  of  tlie 
year,  so  shallow,  and  the  river  is  so  obstructed  by  sand- 
banks, tliat  it  is  na^-igable  constantly  only  for  canoes.*  Just 
above  Porfco  Alegre  tlie  tertiary  bluflfe  appear,  and  sand- 
stones and  clays  are  exposed  in  them.  At  first  these  bluffs 
are  not  very  high,  in  some  places  measuring  only  from 
eighty  to  one  hundred  feet ;  but,  ascending  the  river,  their 
elevation  increases,  and  at  Santa  Claraf  they  are  some  330 
feet  above  sea  level.  At  Santa  Clara  the  whole  thickness  of 
the  formation  is  not  displayed  in  these  bluffs ;  for,  back  from 
tliem  the  tertiary  lands  reach,  in  some  places,  an  altitude  of 

*  In  the  latter  pari  of  January,  1866,  Mr,  Copeland  and  I  ascended  tlia 
river  in  the  little  steajnar.  The  water  was  so  shallow  that  ito  were  constantly 
running  aground,  A  few  leagues  below  Santa  Clara  we  stuck  fast,  and  the 
rest  of  the  distance  we  had  to  make  in  the  prancha  we  had  been  towing. 

t  Santa  Clara  itself  is  337  palmos  above  sea  level,  wtiicli  would  make  the 
level  of  the  liver  lielow  the  rapids  only  a  few  palmos  lower. 
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360  feet  above  sea  level,  according  to  actual  measurement. 
The  river  valiey  is  very  nariow,  aud  the  sides  have  a  steep 
slope.  Tile  alluvial  lands  aie  small  m  extent.  Both  they 
and  the  tertiary  lands  are  co\i-ri-d  hj  a  vciy  heavy  and  lux- 
uriant forest,  and  the  scenery  on  the  rn  ei  is  of  surpassing 
heauty;  for  here,  as  on  the  Doce,  the  tiees  crowd  down  to 
the  water's  edge,  forming  a  den&e  ^  all  of  verdure.  A  host 
of  species  of  beautiful-leaved  and  hughf^flowiiig  climhing 
plants  hang  a  dense  curtain  from  tree  to  tree,  and  sometimes 
depend  in  folds  from  the  outstretched  branches,  like  the  dra- 
pery from  the  arm  of  au  antique.  The  gneiss  first  makes 
its  appearance  below  the  tertiary  rocks  at  a  place  called 
Dous  Irmaos,  some  eight  leagues,  more  or  less,  below  Santa 
Clara.  It  has  a  northward  dip.  At  Santa  Clara  navigation 
is  made  impossible  by  a  series  of  i-apids,  and  thence  into 
the  province  of  Minas  the  Mncury  is  rapid,  and  has  many 
falls.  At  Santa  Clai'a,  which  is  only  a  collection  of  a  few 
dwellings  and  wai-ehouses,  built  on  nan-ow  alluvial  flats 
on  the  right  bank  of  tlie  river,  the  valley  is  very  narrow, 
and  has  steep  banks.  The  rocks  in  the  river  are  gneiss,* 
which  is  much  veined  with  granite.  This  locality  is  very 
unhealthy,  owing  to  the  narrowness  of  the  valley,  and  the 
great  heat  of  the  day, — which  often- gives  vray  to  damp 
fogs  by  night,  —  to  the  bad  character  of  tlie  river  water,  and 
to  swamps  in  the  vicinity  on  the  top  of  the  cliapada-f 

*  The  Dicinotiario  Geograjieo  bhjs  that  iron  ore  esista  within  tha  clistriet  of 
Porto  Alegi'B,  bnt  does  not  indicate  the  locality.  Von  Tschndi,  Reisen  darch 
SM-Amer,,  Vol.  II.  p.  338,  says  that  he  has  found  chrysolites  in  Ihe  river^sand 
at  the  Barm, 

t  I  was  attacked  by  fever  here,  and  only  escaped  by  removing  to  the  high 
grounds  of  Minas.  I  owe  b,  deep  debt  of  gratitude  to  Signora  Gazzinelli,  who 
took  a  mother's  oara  of  me,  and  also  to  my  fiuthful  and  generous  companion, 
Mr.  Sehieber,  whose  kindness  I  never  can  foi^et. 
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Any  one  glancing  at  a  map  of  Brazil  will  see  that  the  rich 
and  populous  province  of  Minas  Geraes  is  land-locked,  and 
separated  from  the  sea  hy  sen-as  and  forests.  Tlie  Serra  da 
Mantiqueira  and  the  Serra  do  Mar  skirt  it  on  the  south,  and 
on  the  east  the  coast  mountains,  collectively  known  under  tlie 
name  of  the  Serra  dos  Aymor^e,  clothed  with  forest,  form 
its  eastern  bomidaiy  line.  None  of  its  rivers  are  navigable 
to  the  sea,  tliough  some  of  them  are,  for  scores  of  miles, 
navigable  m  their  upper  courses ;  but  all  of  them  are  ob- 
structed by  heavy  falls  or  rapids  in  their  descent  from  the 
plateau  to  the  coast  plains.  Many  of  them,  aa  is  the  case 
with  the  Doce,  Mucury,  Jequitinhonha,  and  Sao  Francisco, 
are  navigable  in  their  lower  courses,  in  some  caaes,  even  up 
to  the  confines  of  the  province.  From  Eio  a  railroad  to  the 
foot  of  the  Serra  da  Estrella,  with  a  magnificent  wagon-road, 
which,  crossing  tliis  Serra  and  the  Serra  da  Mantiqueira,  con- 
nects with  tlie  Barbacena  district,  about  152  miles  in  a  direct 
line  from  Eio,  An  excellent  railroad  crosses  the  Sei-ra  do 
Mar  to  tlie  norttiwest  of  Rio,  and  enters  the  valley  of  the 
Farahyba,  down  which  it  extends  many  miles.  It  is  to  be 
extended  northward  into  the  province  of  Minaa.  But  the 
greater  part  of  Minas  is  destitute  of  wagon-roads,  and  the 
traffic  ia  almost  wholly  caiTied  on  on  the  hacks  of  mules.  The 
coast  forests  and  mountain-belt  bounding  the  province  is  al- 
most entirely  miinhabited  and  impassable.  A  very  small 
quantity  of  salt  and  otlier  articles  of  commerce  finds  its  way 
in  canoes  up  tlie  river  Doce,  as  already  stated,  and  a  larger 
quantity  by  the  same  means  enters  tlie  province  by  the  Je- 
quitinhonha ;  but  commerce  with  the  searcoast  is  carried  on 
with  great  difficulty  and  at  much  expense.  Thus,  a  hag  of 
salt  tliat  costs  two  milreis  at  the  sea-coaat  is  worth  eight  or 
even  eleven  milreis  by  tlie  time  it  has  reached  the  ulterior 
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of  Minas,  The  Senator  Tlieophilo  Eenedicto  Ottoni,*  some 
twenty-five  years  ago,  conceived  the  project  of  opening  a 
good  wagon-road  from  Santa  Clara  to  Minas  Novas,  through 
the  broad  forest  region  of  the  Mucnry,  and  of  colonizing  that 
region.  A  company  was  organized  for  Uie  purpose  of  accom- 
plisliing  tills  object.  Through  agents  in  Europe,  a  consider^ 
able  number  of  German,  French,  and  Swisa  colonists  were 
secured,  and  two  colonies  were  founded,  one  on  the  Eio  Uru- 
cu,tlie  other  at  Philadelphia,  on  the  Todos  os  Santos,  the 
Mucnry  colonies  being  founded  in  the  year  1858.  An  ex- 
cellent wagon-road,  now  out  of  repair,  was  constructed  from 
Santa  Clara  to  Philadelphia,  and  a  mule-path  was  laid  out  to 
Mimw  Novas ;  but  the  colonists  appear  to  have  been,  to  a 
very  large  extent,  of  very  poor  quality.  Through  the  mis- 
representation of  tlie  agents  of  the  company  m  Europe,  the 
colonists  were  led  to  expect  to  find  themselves,  on  their  ar- 
rival, put  into  the  possession  of  a  house  and  cultivated  farm. 
It  was  a  bitter  disappointment  to  them  to  be  sent  into  the 
virgin  forest.  Nevertheless,  extensive  clearings  were  made, 
and  the  villages  of  Urucfi  and  Philadelphia  were  built ;  but 
political  opposition  from  the  enemies  of  Ottoni  was  added  to 
the  difficulties  the  colonists  had  to  contend  with.  The  com- 
pany failed  ;  tlie  colonists,  disappointed  in  their  hopes,  de- 
serted by  wholesale,!  and  to-day  tlie  Mucury  is  dragging  out 
a  miserable  existence,  Philadelphia  is  in  decay,  and  the  road 
is  out  of  repair.    It  was  not  because  the  lands  of  the  Mucury 

*  To  the  Scnntor  my  companion  and  I  are  indebted  for  letters  of  introdnc- 
tion,  which  secured  for  or  friends  and  assistHnce  everywhero  along  our  whoie 
jonrney. 

t  I  should  state  here  that  the  worthless  colonists  were  the  flvst  to  leave. 
Those  that  I  had  tlie  opportunilj'  of  meeting  in  the  Mucury  seemed  to  me  to 
be  of  a  good,  industrious  class,  hut  they  were  crippled  hj  the  failure  of  the 
company. 
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were  not  fertile.  They  are  exceedinglj  rich,  while  the  cli- 
mate is  healtliy  and  agreeable.  It  is  not  that  the  project  of 
opening  a  road  tlirough  the  Mucury  to  Minas  was  unwisely 
planned,  but  it  is  owing  to  bad  management  on  the  part  of 
tlie  company,  to  tlie  slanders  of  enemies,  and  to  the  bad 
character  of  a  large  part  of  the  colonists  themselves,  that  the 
enterprise  has  proved  a  failure,* 

The  Minas  road,  on  leaving  Santa  Clara,  runs  for  a  few 
miles  through  a  hilly  region  bordering  the  Mucury.  This 
region  is  covered  by  the  ordinary  red  drift  soil,  and  is  very 
fertile.  Quito  a  number  of  German  families  still  remain 
here.  Beyond  Barriado,  where  are  a  few  settlers,  one  soon 
leaves  the  river  valley  and  rises  to  the  top  of  tlie  tertiary 
chapada,f  which,  at  a  distance  of  eleven  and  three  quai-ter 
leagues  from  Santa  Clara,  and  near  the  Eiacho  das  Pedraa, 
is  1,226  feet  above  tlie  level  of  the  sea.  It  forms  a  plain 
like  that  of  tlie  SertSo  J  below  Sant-a  Clara,  and  is  well 
but  not  densely  wooded.  The  chapada  is  covered  by  a 
layer  of  drift  of  a  yellowish  color,  in  which  I  saw,  indis- 
criminately mingled  with  the  clayey  sand  of  which  it  is 
:d,  rounded  and  angular  fragments  of  quartz,  sand- 


*  The  story  of  the  Mncury  ia  a  long  and  sftit  one,  nnd  I  do  not  wish  lo  enler 
into  it  here.  Those  who  desire  to  read  the  historj  of  the  colony  nill  find  a, 
very  f^r  slatement  of  the  facts  in  Von  Tsehudi'e  Eeisen  dttriA  Sud-Ammka, 
Vol.  II.    That  of  Dr.  Ave  Lallemant  is  prejudiced,  nnfair,  and  unrelinble. 

t  Chapada  means  primarily  a  plain,  but  in  Brazil  tlie  term  ia  applied  to  ele- 
vated plfuns  or  small  plateans,  usually  consisdng  of  horizontal  deposits,  and 
sepuratecl  by  deep  valleys  of  erosion.  The  term  chapadSo  is  applied  lo  ohapa- 
das  of  great  oxlent,  as  the  chapadBo  de  Santa  Maria  in  Minas. 

t  The  term  SertSo,  plnral  Sertoes,  so  often  used  in  works  on  Brazil,  simply 
means  the  interior  of  a  country  as  opposed  to  the  coast.  It  is  applied,  for 
instance,  to  the  lands  in  the  vicinity  of  the  city  of  Sao  Matheos.  The  word 
appears  to  have  a  somewhat  indefinite  significatioii  in  Brazil.  The  inhabi- 
tants of  the  Sertao  are  called  Sertanejos. 
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stone,  and  gneiss.  Thia  soil,  like  that  of  the  plains  below 
Santa  Clara,  is  weak,  and  much  inferior  to  the  gneiss  soils. 
At  Riacho  das  Pedi'aa,  a  little  stream  flowing  into  the  Mu- 
cury,  tlie  tertiaiy  lands  are  left,  and  tlie  road  reaches  a 
rolling  gneiss  country.  The  rock,  wherever  I  saw  it,  was 
very  coarae-gi'ained  and  homogeneous,  decomposed  on  tlie 
surface,  and  covered  with  drift  clay,  wliich  is  usually  very 
fine  in  texture,  and  very  red  from  the  large  pereentage  of 
ferric  oxide.  The  hills  were  low  and  romided,  with  a 
topography  like  tliat  of  the  coffee  region  of  the  Parahyfoa 
do  Sul  at  the  Barra  do  Pirahy.  Indeed,  the  two  regions 
are  precisely  identical  in  soil,  general  topography,  and 
climate.  Tlie  countiy  is  covered  by  a  dense  virgin  forest, 
far  more  luxuriant  than  that  which  clotiies  the  tertiary 
plains.  The  country  continues  with  the  same  general 
character  to  Urucii,  where  it  becomes  diversified  by  ab- 
rupt gneiss  hills,  many  of  wliich  are  bare  and  precipitous, 
and  give  to  the  scenery  a  very  romantic  and  pleasing  air. 
The  soils  of  the  Unicu  are  extremely  fertile,  and  yield  abun- 
dantly coffee,  cotton,  sugar-cane,  niandioca,  rice,  etc.  The 
climate  is  warm,  but  not  so  hot  as  on  the  coast,  and  a 
sea-breeze  cools  tlie  air  in  the  latter  part  of  the  day  and 
evening.  The  climate  appears  to  be  healthy ;  and  that  is 
the  universal  testimony  of  even  the  discontented  settlers. 
The  hills  of  Urucu  are  all  isolated  masses,  and  form  no 
well-defined  mountam  range,  tliough  they  appear  to  be  tlie 
remains  of  a  range  running  about  east-northeast,  crossing 
the  Uiuc6  Westward  of  the  colony  the  coimfcry  rises 
steadily  m  altitude.  At  a  distance  of  eight  leagues  from 
Philadelphia  the  road  crosses  a  pass  in  the  Morro  do 
Kupan  at  an  elevation  of  1,800  palmos.  The  Morro  it- 
self must  be  at  least  3,000  feet  in  elevation  above  the  level 
of  tlie  sea 
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Philadelphia  is  a  small  village  situated  on  the  left  bank 
of  the  Todos  os  Santos,  about  forty  miles  above  ita  conflu- 
ence with  tlie  Mucuiy,  and  twenty-eight  and  a  half  leagues 
west  of  Santa  Clara.  'Hie  Todos  os  Santos  la,  lilte  tlie  rest  of 
the  rivera  of  the  Mucury  basin,  only  a  respectable  brook,  and 
of  no  especial  importance  hi  itself.  Within  a  few  miles  of 
Philadelphia  there  empty  into  the  Todos  os  Santos  several 
little  streams,  among  which  are  the  Bios  S.  Jacintho,  S.  An- 
tonio, and  S.  Benedicto,  which  flow  through  fertile,  cultivated 
valleys,  and  are  settled  by  German  and  Brazilian  colonists. 
The  ground  on  which  the  village  stands  is,  accurding  to 
tlie  measurement  of  Herr  Schlobach,  engineer  of  the 
Mucury,  1,918  feet  above  tlie  sea.  Many  of  the  neighbor- 
ing lulls  are  SOO  to  400  feet  high,  so  that  the  general  eleva- 
tion of  the  country  would  be  considerably  aliove  2,000  feet. 
So  far  as  tlie  quality  of  the  soils  in  the  vicinity  is  concerned, 
I  can  only  reiterate  what  I  have  said  in  speaking  of  Urucii, 
and  repeat  my  comparison  between  them  and  the  soils  of 
the  coffee  regions  of  tlie  Rio  Parahyba  do  Sul.  In  one  word, 
I  may  say  tliat  the  whole  country,  from  the  Riacho  das 
Pedras  to  the  head-waters  of  the  Mucury,  forms  one  of  the 
most  extensive  and  uniformly  fertile  agricultural  regions  in 
Brazil  south  of  the  Amazonas,  and  I  cannot  help  expressing 
my  firm  belief  that  nature  having  so  abundantly  blessed  the 
Mucury,  a  not  far  distant  day  will  see  it  teeming  with  inliab- 
itants,  and  the  highway  of  a  commerce  with  the  interior  of 
Minas.*     The  road  from  Sta.  Clara  to  Philadelphia  is  well 

*  For  an  interesting  and  detailed  deaciiption  of  Philadelpbia  and  vidnitj, 
vide  Tschudi's  Seisen  darch  SSd-Amerilxi,  Vol.  11.  His  sketch  of  tlie  village 
is  ivretdied,  the  hilts  to  the  south  appearing  like  an  Alpine  monnttdn  range.  I 
ciinnot  speak  too  stconglj'  of  the  Mucniy  as  an  agricnltural  region,  and  I  would 
call  the  attention  of  emigratiis  to  it  as  one  of  the  most  frartile  and  healthy  traets 
I  have  seen  anywhere  ji>  Braail. 
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laid  out  with  a  very  good  grade,  and  with  proper  repair, 
might  be  made  an  excellent  carriage-road.  Tlio  soil  is, 
however,  very  clayey,  and  the  passage  of  the  heavy  ox-carte 
in  wet  weatlier,  not  to  speak  of  the  gullying  by  the  rains, 
have  cut  it  up  fearfully.  The  bi-idgea  were  in  bad  repair  in 
1866.  The  road  from  Philadelphia  to  Alahu  is  nothing  but 
a  miserable  mule-patli,  badly  laid  out,  and  obstructed  by 
bushes  and  fallen  trees,  and  in  wet  weather  most  abominably 
muddy.  Just  before  reaching  A^ude  it  passes  directly  over 
the  top  of  the  highest  point,  apparently  for  the  purpose  of 
giving  the  traveller  a  view  of  the  surrounding  country. 

Westward  of  Philadelphia  the  comitry  is  more  hiUy. 
About  one  league  from  Philadelphia  the  path  crosses  a  high 
hill,  from  which  one  has  a  magnificent  view  over  the  low 
swelling  hills  of  the  vicinity  of  Philadelphia,  wifli  tlie  rugged 
mountains  of  Urucu  in  the  background.  A  short  distance 
west  of  tlie  mill  of  Senhor  Jos^  Maria,  the  gneiss  becomes 
very  micaceous,  passing  into  mica  slate,  and  is  very  full  of 
quartz  veins.  In  the  latter  occur  large  crystals  of  black 
tourmaline.  Crossing  the  head-waters  of  the  Mucury,  near 
Pot^,  the  country  in  the  vicinity  of  A^ude  is  much  more 
hilly  tlian  usual,  and  many  of  the  hills  are  of  considerable 
height.  The  whole  country  is  still  most  luxuriantly  forest- 
clothed,  and  the  soils  are  extraordinarily  fei'tile,  and  in  some 
places  almost  black.  About  twenty-seven  to  twenty-eight 
miles  west,  a  few  degrees  nortli  from  Philadelphia,  the 
water-shed  dividing  the  basins  of  the  Mucury  and  Jequi- 
tinhonha  is  pf^sed,  and  one  descends  into  the  valley  of  the 
Eio  Setubal.  For  the  last  league  or  so  bordering  the  valley 
of  the  Setubal,  the  rock  is  chiefly  mica  slate,  witli  much 
quartz  in  veins  and  layers.  The  soil  is  redder  tlian  usual, 
full  of  little  flakes  of  mica,  and   boulders  and  fragments 
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of  qiiartz,  angular  and  rounded,  are  found  abundantly  in  it. 
Near  lilie  post,  marking  tliirteen  leagues  from  Philadelphia, 
the  mica  slate  appeared  to  have  a  strike  east-west.  Dip 
vertical. 

The  Jequitinhonha,  one  of  the  most  important  rivers 
of  Minas  Geraes,  takes  its  rise  in  the  knot  of  the  Cordil- 
heira  do  Espinha^o,  in  the  Serra  Frio,  tlu-ee  leagues  west 
of  the  town  of  Serro,  and'  about  the  same  distance  south- 
southwest  of  the  Peak  of  Ttamb^,  whence  come  the  waters 
of  two  or  more  of  its  little  tributaries. 

The  area  drained  by  it  forma  an  irregular  triangle,  of 
which  one  side,  from  its  head-waters  to  Belmonte,  is  about 
820  miles.  An  almost  continuous  range  of  Serras  runs 
with  a  zigzag  course  along  this  line  to  the  confines  of 
the  province.  On  the  west  it  is  bounded  by  the  Serra  do 
Espinha^o,  the  water-shed  lying  west  of  the  Serra  do  Grao 
Mogor.  This  side  of  the  triangle,  which  runs  approxi- 
mately north-northeast,  is  165  miles  in  length.  The  remain- 
ing side,  which  marks  a  water-shed  determined  by  a  series 
of  elevated  plains  or  chapadae,  and  which  runs  almost  east- 
west,  is  210  miles  long.  The  Jequitinhonha  at  first  flows 
with  a  general  northeast  course  for  about  130  miles,  when 
it  receives  from  the  northwest  a  small  river  called  Itacam- 
birussfi,  which  rises  in  the  Serra  d'ltacambira,  in  the  south- 
ern part  of  an  oblong  region  west  of  the  Serra  do  Grao  Mogor, 
formed  by  a  range  of  serras  or  highlands  which  leave  the 
Serra  do  GrSo  Mogor,  and  bowing  out  westward  join  the  GrSo 
Mogor  range  again  eighty  miles  to  the  north.  The  centre  of 
this  region  appears  to  be  flat,  and  is  diversified  with  a  large 
number  of  little  lakes,  which  discharge  tlieir  waters  into  the 
Itacambirussu.  This  river  crosses  the  Grao  Mogor  range 
between   the   Serra  do  GrSo  Mogor  proper  and  tlic  Serra 


d  by  Google 


rEOVINCE   OF  MraAS  GEBAES.  137 

Sobrado,  and  reaches  the  valley  of  the  Jequitinhonha.  It  then 
runs  witli  a  southeast  course  for  a  few  leagues,  and  empties 
into  the  river  of  that  name.  The  Jequitinhonha  then  changes 
its  course  towards  the  east,  and,  some  eight  leagues  farther 
down,  receives  the  Rio  Vacaria,  a  small  sti'eam  which  has 
its  source  in  a  number  of  lakes  in  the  northern  third  of 
the  eerrarenclosed  region  west  of  GrSo  Mogor.  After  this 
it  changes  its  com'se  to  tlie  southeast,  and  in  lat.  17'  S., 
long.  1°  30'  E.  of  Rio  unites  witli  the  Rio  Araasuahy.  Tlie 
Arassualiy  is  a  lai'ge  stream  which  rises  in  the  serras  a  few 
miles  northeast  of  the  Peak  of  Itamb^,  and  flows  parallel 
wiiii,  and  on  an  average  of  fifteen  to  twenty  miles,  soiitli- 
east  of  the  Jequitinhonha.  Its  principal  affluents  are  the 
Rio  Soledade  on  the  left,  and  the  Itamarandiha,  Fanado, 
Capivary,  Agua  Suja,  Setubal,  Gravatd  and  Calh&o,  which 
flow  into  it  from  tlie  south,  or  right,  in  the  above  descend- 
ing order,  all,  with  the  exception  of  the  Capivaiy  and  Agua 
Suja,  having  their  sources  in  tlie  high  lands  separating  the 
Jequitinhonha  basin  from  tliat  of  the  Doce  and  Mucury. 

The  Jequitinhonha,  after  having  been  increased  by  tlie 
■waters  of  the  Arassualiy,  continues  its  course  a  few  degrees 
east  of  northeast  to  tlie  sea.  It  is  ohstmcted  by  many  dan- 
gerous rapids  and  cascades,  and  on  the  boundaiy  line,  in  tlie 
very  extreme  norttieast  comer  of  Minas,  there  is  a  magnifi- 
cent series  of  falls,  which,  in  tlie  aggregate,  must  have  an 
altitude  of  300  feet.  Eight  leagues  farther  down,  at  Oaxoei- 
rinha,  it  leaves  the  hUls,  and,  reaching  tlie  coast  tertiary 
plEiins,  flows,  a  broad,  beautiful  stream,  to  tlie  sea.  Above 
Casoeirinha,  it  is  navigable  of  course  only  for  canoes.  The 
Rio  Pardo  is  so  closely  connected  with  the  Jequitinhonha 
in  the  genei'al  topographical  features  of  the  country  through 
which  it  flows,  that,  before  describing  the  topography  and 
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geology  of  the  Jequitinlionha  basin  in  detail,  I  will  fij^t  give 
a  sketch  of  its  hydrography.  This  river,  a  much  smaller 
stream  than  the  Jequitinhonha,  takes  its  rise  in  tlie  Serra 
daa  Almas,  to  the  north  of  the  hcad-watera  of  the  Vacaria, 
and  flows  with  a  course  almost  west-east,  emptying  into  the 
sea  a  few  miles  north  of  the  mouth  of  the  Jequitinhonha, 
and  receiving  by  a  side  canal,  as  will  be  hereafter  described, 
some  of  the  waters  of  that  stream  just  before  it  reaches  tlie  sea. 
Its  baain  is  triangular  in  shape,  long  from  west  to  east,  but 
narrow  from  northwest-south.  It  is  bounded  on  the  south 
by  the  water-shed  of  the  Jequitinhonha,  which  runs  west- 
east.  The  south  side  of  the  triangle  coincides  witli  this, 
and  is  210  miles  long.  The  west  side,  running  along  the 
Serra  das  Almas,  is  about  sixty  miles  long,  while  the  remain- 
ing side  is  about  195  miles  in  length.  Gerber  gives  the  area 
of  the  basin  of  the  Pardo  as  420  square  leagues,  and  that  of 
the  Jequitinhonha  as  2,200.*  Hydrograplucally,  above  their 
lower  courses  the  two  rivers  form  separate  systems,  but  to- 
pographically and  geologically  they  are  very  closely  united. 
The  united  basins  are  essentially  eozoic  and  palaeozoic. 
Gneiss,  mica  slate,  sienite,  clay  slate,  quartzite,  and  lime- 
stones form  the  bounding,  mountain  ranges,  and  tlie  bottom 
rock  of  the  region.  Through  tlie  kindness  of  my  friend.  Dr. 
Anto.  de  Lacerda,  of  Baliia,  I  have  in  my  possession  a  litho- 
graphed section  across  the  country,  from  the  Serra  Congonha 
across  the  GrSo  Mogor,  extending  into  the  valley  of  the 
Jequitinhonha,  a  section  constructed  by  tlie  late  Dr,  Virgilio 
Helnireichen.  According  to  this  section,  the  serras  of  Con- 
gonha and  GrSo  Mogor  are  composed  of  metamorphic  slates, 
while  the  inteivening  country  and  tlie  valley  of  the  Jequitin- 

*  Nocoes  Geographicas,  §r,,  da  Ptov.  de  Minas  Geiaes,  por  Henriquo  Ger- 
ber, p.  9,  1S63. 
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lionha  ia  composed  of  primitive  rock,  I  have  never  visited 
the  Serra  do  Grao  Mogor,  and  can  therefore  say  nothing  of  it 
from  personal  observation*  At  Calhio  intelligent  persona 
informed  me  that  it  is  composed  of  slates.  The  serra  is  dis- 
tinctly visible  from  near  Minas  Novas,  though  distant  some 
tJvirty  miles,  so  Uiat  its  height  niay  be  inferred.  The  outlines 
of  the  hills  are  entirely  different  from  those  of  the  gneiss  serras 
of  the  coast.  Gold  occurs  in  tliis  serra,  together  with  tlie 
ores  of  other  metals,  such  as  iron,  which  last  is  muied  and 
smelted  at  a  locality  called  Tropinha,  two  leagues  to  the  south 
of  tlie  town  of  Grao  Mogor.  The  region  embraced  between 
Minas  Novas  and  Callifio  is,  according  to  my  own  observations, 
composed  of  clay  slates,  and  this  group  of  rocks  undoubtedly 
extends  considerably  to  the  west  and  southwest  of  Minas 
Novas.  From  near  the  mouth  of  the  Arassualiy  to  a  little 
below  Ca^oeirinha  the  rocks  are  gneiss,  mica  slates,  and  the 
like.  All  these  rocks  have  been  folded,  metamorphosed,  and 
denuded. 

During  the  tertiary,  as  I  shall  further  on  attempt  to  show, 
the  plateau  of  Brazil  was  sunk  so  tliat  the  waters  rose  to 
a  height  of  more  than  3,000  feet  above  their  present  level, 
and  flooded  the  great  river  basins  of  the  whole  country, 
this  submergence  being  of  almost  continental  extent.  In 
the  baains  of  the  Jequitinhonha  and  Pardo,  a  great  tliick- 
ness  of  more  or  less  arenaceous  clays,  sandstones,  &c.  was 
deposited,  filling  up  the  valley  to  a  height  in  some  places  of 
fully  1,000  feet,  converting  it  into  an  immense  plain,  whose 
level  above  tlie  sea  must  be  on  an  average  quite  3,000  feet. 

*  Spix  and  Marrius  viBited  the  Sevra  da  GrSo  Mogor,  which  thej  deEcribe  as 
being  only  about  4,300  feet  high.  The  prevailing  formation  of  this  re^on  is 
quartaoae  slate  (quarz-BcMefec).  Boulders  of  white  quartz  (sometimes  fibi-ouB(i)) 
are  abundnntly  scattered  over  the  surface,  and  contain  asbestus.      Cold  atid 
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These  deposits  I  have  called  tertiary,  because  along  the 
whole  coast  they  are  undisturbed,  nowhere  participatmg  in 
the  disturbance  of  the  cretaceous,  and  because  the  drift  sheet 
extends  over  them.  I  believe  ttiem  not  to  be  drift,  because 
they  were  denuded  by  river  action  anterior  to  the  formation 
of  the  diifl  sheet,  wliicli  descends  tlieir  slopes,  and  extends 
over  the  slate  and  gneiss  hills  left  bare.  Similar  deposits 
were  at  the  same  time  laid  down  in  tlie  valleys  of  tlie  Sao 
Francisco,  Parana,  Paraliyba  do  Sul.  And  indeed  over  the 
whole  plateau  to  the  westward,  as  we  shall  sec  furtlicr  on. 
All  these  ai'e  older  than  the  coast  tertiaries. 

In  April,  1866, 1  entered  the  Jequitinhonha  valley,  on  the 
Sctubal,  and  after  making  a  detour  to  Alto  dos  Bois,  crossed 
the  country  to  Calhilo,  from  which  place  I  found  it  prac- 
ticable to  visit  Minas  Novas,  after  which  I  rctm'ned  to 
Calhdo,  and  descended  the  Jequitinhonha  to  the  sea.  I 
propose  now  to  give  the  results  of  my  explorations  of  this 
region,  following  very  nearly  my  line  of  travel.* 

The  tertiary  clays  are  denuded  away  from  the  region  of 
the  head-waters  of  the  Setubal,  and  the  wider  valley  of  this 
river  is  scooped  out  of  these  rocks,  the  river-bed  being  the 
solid  gneiss  or  slate,  or  excavated  in  alluvial  deposits  laid 
down  by  the  river.  The  Setubinho  is  a  little  river  which 
flows  from  the  soutliwest  in  a  valley  bounded,  on  the  one 
side,  by  the  hills  of  the  water-shed  between  tlie  Mucury  and 
Jequitinlionlia  basins,  and  on  tlie  other  by  the  tertiaiy 
plains,  though  the  slopes  on  botli  sides  are  of  tlie  old  meta^ 
raorphic  rooks,  the  tertiary  beds  merely  capping  the  hills  on 

*  The  months  of  February  and  March,  1866,  ivere  eseeeclingly  roiay  over 
the  Mhcutj  yegLOU,  and  so  was  the  month  of  April,  "which  I  Epcnt  in  the  biisin 
of  the  Jequitinhonha.  During  this  time  I  was  obliged  to  travel  otct  the  worst 
possible  roaiJs  in  almost  constant  rains,  so  that  my  geological  stuiljes  were  made 
under  a  great  disadrautage. 
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the  northwest  side.  The  slopes  toward  tlie  Setubal,  Setuma, 
and  Setiibinlio  are  all  very  steep,  and  for  a  large  part  bare 
and  excessively  stony,  the  soil  being  full  of  rounded  and 
angular  fragments  of  quartz  often  of  largts  size.  Over  large 
areas  it  ia  very  barren,  the  only  vegetation  consisting  of 
low,  gnarly  branched,  sparsely  scattered  shrubs  and  trees. 

One  observes  immediately  on  entcrmg  the  ^  alley  of  the 
Setubal  from  tlie  Mucury  tliat  the  forest  thins  out  and  dis- 
appears from  the  hillsides,  though  it  extends  down  the  wet 
valleys  and  over  auch  areas  as  may  have  rich  soils,  but  even 
there  the  forest  has  not  the  same  hixntiance  it  had  in  tlie 
valleys  of  tlie  Mucury,  and  there  are  many  trees  coniined  to 
each  separate  region.  It  is,  however,  on  the  open  grounds 
that  the  change  in  the  vegetation  is  most  marked.  On 
leaving  the  forest  (^sahindo  do  maito''  as  the  Brazilians 
say)  one  of  the  first  plants  to  attract  one's  attention  is  an 
arboraceous  species  of  the  order  of  SolanaccEe,  called  the 
Boleiro.  This  tree  attains  to  a  height  of  fifteen  to  twenty 
feet,  and  forms  a  conspicuous  element  in  the  landscape. 
Its  leaves  are  light-green  and  curly,  its  flowers  bluish-purple, 
and  its  fruit,  which  is  of  the  size  of  a  Baldwin  apple,  ia 
edible  ;  but  of  the  flora  of  the  campos  more  anon. 

The  high  and  steep  hill  north  of  the  Setubal  is  almost 
bare  on  the  south  and  west ;  but  the  northern  side  ia  covered 
by  a  stiff  drift  clay,  and  is  clothed  widi  a  thick  wood, 
densely  filled  with  a  luxuriant  growth  of  a  species  of  bam- 
boo, the  slender-stemmed  Taquara  Usa  of  tlie  Brazilians. 
Thence  to  Corrego  Grande  the  country  is  composed  of  highly 
micaceous  and  schistose  gneiss,  and  is  covered  by  a  thick 
sheet  of  drift  clay,  in  which  are  boulders  and  pebbles  of 

IS  fm-a,  oulside,  and  of  tlie  forest  as 
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quartz,  and  the  country  is  wooded.  At  the  Faaendas  of 
Santa  Barbara  and  Santo  Antonio,  and  in  tire  neighborhood, 
this  forms  a  rich  soil,  whicli  is  very  productive.  Maize  is 
largely  cultivated  in  this  region,  aiid  takes  the  place  of 
mandioca  for  the  making  of  farinha.  Wheat  grows  well 
here,  and  I  saw  some  most  excellent  sheaves  at  a  farm- 
house near  the  Setubal,  but  the  farmers  complain  that  it  has 

to  he  planted  in  clumps  like  rice,  and  weeded,  which  is  very 

troublesome.  At  the  Fazenda  of  Santa  Barbara  the  country 
bordering  the  Eio  Setubal  is  very  hilly.  Tlie  prevailing 
rook  is  mica  slate  or  schistose  gneiss,  with  a  general  strike 
of  N.  80'  E.,  and  northward  dip,  I  have  recorded  uo  south- 
ward dips. 

Wialiing  to  ascertain  the  character  of  the  chapada  west 
of  the  Setubal,  Mr.  Copeland  and  I  made  an  excursion 
thither  from  Santa  Barbara.  The  account  of  tlie  journey 
I  transcribe  with  few  changes  from  my  note-book,  in 
order  not  only  to  give  an  idea  of  tlie  country,  but  of  the 
disadvantage  under  which  the  geologist  labors  in  exploiing 
in  the  rainy  season. 

For  the  last  two  months  the  rain  had  been  constant, 
and  it  was  still  raining  when  we  reached  Santa  Barbara. 
Our  time  was  very  limited,  but  to  leave  the  Setubal  with- 
out seeing  the  topography  of  the  plains  was  not  to  be 
thought  of,  so,  on  the  last  day  of  March,  we  set  out  on  mule- 
back,  and  unencumbered  by  baggage,  for  Alto  dos  Bois,  a 
point  described  as  being  so  elevated  as  to  overlook  the 
plains,  and  enable  one,  if  the  weather  were  clear,  to  see 
across  the  valley  of  the  Jequitinhonha,  and  discern  the 
mountains  of  Grao  Mogor.  It  was  raining  heavily.  We 
crossed  the  Setubal  by  a  bridge  below  Santa  Barbara,  finding 
the  stream  very  much  swollen  and  turbid,  and  the  meadows 
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bordering  it  inundated.  We  followed  up  the  valley  a  short 
distance,  passing  through  corniielda  on  the  hillside,  and 
crossing  a  high  hiU  by  a  miserable  path  leading  throngh  a 
wood  wliich  was  so  tangled  with  bushes,  tmka  de  gaU>,  bam- 
boos, &c.,  that  it  was  with  difficulty  that  we  could  burst  our 
way  through  it  by  main  strengtli.  We  reached  at  last  the 
valley  of  the  little  river  Santa  Eita.  Thus  far  the  country 
was  of  the  same  character  as  at  Santa  Barbara,  and  the 
surface  was  covered  by  the  same  drift  paste  and  boulder 
deposit.  For  a  distance  of  some  two  miles  or  more  farther 
on,  after  a  long  and  steep  ascent,  we  reached  the  foot  of  the 
chapada,  which  presented  a  long,  steep,  even  slope,  as  in  the 
following  ideal  section. 


It  was  impossible  to  estimate  satisfactorily  the  height  of 
the  chapada  top  from  the  Santa  Eita  valley,  because  of  the 
wooded  state  of  the  country  and  the  obscurity  of  the  weather, 
but  after  having  ascended  and  descended  the  same  slope,  I 
should  judge  that  it  is  fully  800  feet,  if  not  very  much  more. 
The  lower  part  of  tlie  slope  is  covered  with  the  ordinary  drift 
paste,  filled  with  boulders  of  quartz,  gneiss,  and  mica  slate. 
The  quartz  of  this  region  is  so  crystallized  as  to  break  up 
into  a  coarse  angular  gi'avel.  About  half-way  up  I  saw  mica 
slate  in  sit/i  traversed  by  a  thick  quartz  vein.    Fartlier  up 
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the  soil  changed  in  character,  and,  wlien  wet,  was  of  an 
umber  brown  color,  and  quite  free  from  stones.  The  road 
went  straight  up  this  slope,  and  being  cut  up  into  piWes* 
by  the  feet  of  the  mules,  formed  a  sort  of  staircase  of 
stiff,  adhesive,  and  slippery  clay,  which  made  the  ascent 
exceedingly  wearisome.  Arrived  at  the  top  of  the  chapada, 
we  found  ourselves  on  a  wooded  plain.  The  soil  seemed 
very  rich,  and  was  of  a  dark  brown  color  on  the  surface ; 
but  I  observed  that  the  material  brought  up  from  below 
by  the  Saliba  ant-s  was  clayey  and  brick-red,  like  the  ordi- 
nary drift  paste  of  the  gneiss  regions,  I  saw  a  few  quartz 
boulders  lying  on  the  surface.  I  looked  carefully  in  the 
ascent  for  any  cuttings  which  might  enable  me  to  ascertain 
the  material  of  which  the  chapada  was  composed,  but  I  saw 
none.  The  woods  consist  of  large  trees,  but  they  are  rather 
sparsely  sown,  and  they  belonged  to  tlie  catinga  class, 
losing  their  leaves  in  the  dry  season.  There  is  an  abun- 
dant undergrowtli  of  buslies  and  Samambaia  ferns  (^Pleris 
caudata  (J').  Tlie  beautiful  Indaid.  palm  (^Attalea)  is  very 
abundant  here,  and  its  plumy  coronals  add  very  much  to 
the  pieturesqueness  of  the  scenery.  It  was  long  after 
nightfall  when  we  reached  the  open  campos  at  As  Ti-ovoadas 
and  crossed  a  very  deep  valley  to  the  place  called  Batatal, 
where,  jaded  and  wet,  we  spent  the  night.  The  next  morn- 
ing we  visited  the  Alto,  or  the  highest  point  of  land  in  the 
vicinity.  It  had  been  raining ;  but,  providentially,  for  a 
half-hour  it  cleared  up,  and  we  had  an  almost  uninterrupted 
and  moat  magnificent  yiew  of  the  country  on  every  side. 
The  Alto  is  tlie  name  given  to  tlie  highest  point  of  the 

*  It  is  well  known  that  mnles  travelling  over  a  tad  road  follow  in  one  an- 
other's foolatepa,  tutting  up  the  road  into  n  sevips  of  transverse  niuddj  tionglie, 
soparated  often  bj  high  ridges,  over  ivhioh  the  animal  earefnllj  steps. 
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Bwelling  ridge  between  the  valleys  of  the  Fanado  and 
Capivary.  From  this  point  the  country  descends  with 
very  long  sweeping  curves  to  the  river  valleys  on  both 
sides,  the  ridge  itself  growing  gradually  lower  toward  Mi- 
nas  Novas.  The  valley  of  tlie  Capivary  is  very  broad, 
and  in  profile  rounded,  not  angular.  Tlie  long  and  gentle 
curves  of  this  landscape  are  very  noteworthy,  and  are 
very  different  from  those  which  result  solely  from  water 
denudation  or  erosion.  Tlie  Fanado  valley  is  of  the  same 
character.  East  of  the  Capivary  the  land  rises  in  a  high 
ridge  called  the  CaixSo,  which  runs  northward,  present- 
ing tlie  same  topographical  features.  This  whole  country 
is  covered  on  the  surface  with  red  drift  clay  and  pebbles, 
and  this  layer  is  twenty  or  more  feet  in  depth.  No  solid 
rock  is  to  be  seen,  but  on  ihe  sharp  descent  into  the  valleys, 
and  in  certain  gullies,  especially  at  the  foot  of  an  isolated, 
dome-shaped  mass  which  rises  above  the  general  level  of  the 
country  at  As  Trovoadas,  the  rock,  in  a  very  decomposed 
state,  is  seen  to  be  crystalline  and  metamorphic,  and  in 
beds  highly  inclined.  At  As  Trovoadas,  as  nearly  as  I  could 
make  out,  the  strike  was  N.  60°  W.,  and  the  dip  40°  north- 
ward, but  the  observation  was  taken  from  decomposed  rock, 
and  may  not  be  very  reliable.  The  rock  appears  to  be  com- 
posed of  feldspar  and  mica,  with  quartz  in  rounded  grains, 
but  when  decomposed  it  is  red,  very  soft,  and  crumbling. 
The  soil  in  the  gully,  where  the  above  observation  was  taten, 
is  full  of  fragments  of  very  limpid  quartz  and  crystals  of 
kyanite  and  black  tourmaline.*  Tliis  rock  must  be  very  deeply 
*  The  Diixionorio  Geograjico  says  (Vol.  II.  p.  98),  lliat  antimony  ewcurs  at 
AIM  dos  Bois,  and  I  licavd  many  persons  on  the  Setnhal  say  that  gold  had  been 
found  in  the  ridge  separating  tha  Setnbal  from  the  Capivaiy.  Saint  Hilaire 
also  sap  that  antimony  ifl  found  at  the  Alto.  But  the  aalimmio  of  l3ie  Bra- 
zilians is  only  a  pydtes. 
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decomposed,  for  the  freshly  cut  gullies  are  excavated  to  a 
great  depth,  and  tlie  river  valleys  are  evidently  cut  through 
soft  material.  Their  shape  is  not  such  as  usually  results 
from  river  erosion,  for  in  soft  materials  river  valleys  have 
sides  either  hluiF  or  with  angular  slopes  of  about  thirty  de- 
grees or  more,  and  bluifs  of  that  kind  are  to  be  found  along 
tlie  edge  of  the  valley  recently  washed  out  by  torrents. 

Tlie  tei-tiary  clays  and  decomposed  metamorphie  roclf 
being  of  so  nearly  the  same  consistency,  it  is  not  at  all  'won- 
derful that  in  tlieir  denudation  they  sliould  both  wear  down 
togetlier,  and  that  tlie  metamorphie  hills  should  pass  almost 
insensibly  into  the  plains.  I  believe  tliat  the  wide  upper 
valley  of  the  Capivary  is  one  of  erosion  anterior  to  the  drift, 
and  that  the  present  swelling  outlines  and  long  curved  slopes 
of  its  bounding  ridges  are  due  to  glacial  action  over  a 
surface  deeply  decomposed. 

The  hillsides  and  slopes  of  this  region  ai-e  sparsely  covered 
with  coarse  grass  and  small  flowering  plants.  It  was  like 
a  garden.  Trees  are  few  and  scattered,  and  are  noted  for 
their  gnarly  branches  and  rough  bark.  A  little  palm  (  Cocos 
Jlexuosa)  is  not  uncommon  on  tlie  campos.  Another  con- 
spicuous little  tree  of  these  campos  is  the  Pdo  de  Paina,  which 
has  a  small  stem  covered  by  a  tliict  growtli  of  a  woolly  sub- 
stance, used  to  fill  pillows,  (fee.  It  is  very  abundant  in  the 
neighborhood  of  As  Trovoadas.  Sometimes  the  trees  form 
clusters  (capOes)  in  low  and  wet  places,  and  along  the  river- 
side, in  the  valley  of  the  Capivaiy.  In  tlie  dry  season  these 
campos  are  dried  up,  and  vegetation  is  withered  and  appears 
dead.  The  lands,  though  rich,  are  worthless,  except  as  fur- 
nishing pasturage  for  herds  of  cattle  which  abound  on  these 
campos.*  The  Ema,  or  American  ostrich  (Rhea  Americana), 

*  According  to  Spis  and  Martius,  from  tlie  Arraial  do  Eio   Manso  thcru 
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is  found  on  tlie  campoa,  but  appears  now  to  oe  rare  iii  this 
Ticinity.  It  occurs  more  abundantly  farther  north  on  the 
campos  of  the  Hio  Pardo,  and  on  the  campos  of  the  SSo  Fran- 
cisco basin.  It  ranges  from  Ceard  to  Buenos  Ayres.  In 
Patagonia  another  species,  BJiea  Darwini,  is  found.  There 
is  also  a  species  of  deer  (^Oervus  campestris'),  called  by  the 
Mineiros  Veado  campeiro,  which  ia  not  uncommon  on  the 
plains.  But  after  a  half-hour's  enjoyment  of  tlie  magnificent 
Yiew,  down  came  the  heavy  rain  with  a  strong  chilling  wind, 
and  we  left  the  Alto  to  return.  The  steep  slope  from  the 
chapada  to  Santa  Rita  was  so  slippery  and  unti'ustworthy, 
that  we  were  obliged  to  make  tlie  descent  on  foot  in  the 
deep  mud,  leading  our  mules. 

From  Santa  Rita  we  crossed  a  steep,  high  ridge  by  a  road 
terribly  cut  up,  and  so  full  of  loose  quartz  stones  as  to  afford 
T  very  insecure  foothold  for  the  mules  and  at  night  reached 
the  uvei  Setubmho  wet  ind  t.oie,  anl  there  we  spent  the 

BtretcheB  northwirl  a  low  plateau  in  a  no  Ih  south  direction  foi  seveiai 
leagues  appaientlr  tjing  m  with  the  great  chapada  forming  the  iividing 
line  between,  the  Jeqtutinlionha  and  Arassuahy  opposite  Minas  Novas  The 
veiretntion  of  these  uniform  elevatel  plains  whiLh  extends  from  Tejnco  to 
Minus  NoTas,  and  gently  decreases  in  height,  shows  n  farm  which  we  had  not 
before  observed  to  a  simiiar  extent,"  Iiow  crooked-branched  and  broad-leaved 
trees  lift  thranselves  here  and  there  amongst  a  dense  thicket  of  many  kinds  of 
bushes,  which  alternate  now  with  bare  rock-sheets,  now  with  thirsty  open  fields, 
or,  in  the  low  places  and  beds  of  streams,  with  a  somewhat  higher  and  sappy 
wood  {CapSo).  The  bush  they  call  here  Serrado,  or,  when  it  is  lower  and 
without  ti'eeB,  Carraico.  The  plants  belonging  to  it  do  not  all  lose  their  leaves 
dmnf,  tl  e  dry  sea'ion  and  n  anoleourauthora  adl  P  -Ueularly  tho  e  of  the 
gene  a  Sda  Ochaa  M  Boaa  Acac  Q  alea  Coccoloha  K dmei era  Lap  is 
Njcerosiion  ATama  Bamad'aia  AJherlfoia  Arain-a  Sajiiefena  Maipigha 
Atpidosferma  The  stemless  pdms  Aetrocary  eanpeste  and  Dplolem  n 
camp^  e  and  the  low  Cotot  fiex  ota  one  sees  here  (Vol  11  pp  473  474  ) 
A  very  nteceat  ho-  ar  cle  in  Dan  sh  on  the  cam;  oa  ref,  on  of  B  aa]  from  the 
pen  f  Eugen  Warn  n  s  t  lie  fbnnd  n  tl  T ds  krfi  for  jop  Fri-  f 
Nat  rvuimkabm  3^  R-ckke        Bnl  1"  Hcl  e  ISri 
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night.  The  morning  found  the  little  river  BwoHen  to  its  ut- 
most capacity,  and  running  like  a  mill-race,  turbid  and  yel- 
low, and  it  was  with  much  difficulty  that  we  forded  it.  The 
Eio  Setubal  we  found  also  in  as  swollen  a  state  ;  mules  and 
horses  gave  out,  and  the  weary  travellers  waded  through  the 
mud  many  a  long  mile,  ajid  arrived  drenclied  at  the  Fazenda 
de  Santa  Barbara. 

Leaving  Santa  Barbara  for  Calhgo,  I  observed  near  a  little 
brook  at  the  Fazenda  da  Lag6a  rounded  quartz  boulders, 
overspread  by  drift  clay.  Beyond  this  tlie  road,  after 
passing  a  low  flat,  ascends  a  gentle  slope,  on  which  the  same 
are  seen  at  a  height  of  one  hundred  feet  above  the  brook ; 
and  a  short  distance  farther  on  and  higher  up  the  road  is 
full  of  coarse  gravel,  intermixed  with  angular  boulders. 
Mica  slate  is  seen  occasionally  cropping  out  on  the  hillsides, 
and  on  the  top  of  a  chapada,  before  reaching  tlie  Fazenda 
of  the  Tenente  Honorio  Ottoni,  I  saw  in  the  driil  paste 
rounded  pebbles.  From  the  chapada  one  descends  into  the 
valley  of  one  of  the  tributaries  of  the  river  Gravat^.  The 
hills  of  the  valley  are  mica  slate  and  compact  dark  gray 
gneiss,  witli  a  strike  of  N.  40"  W.  and  a  dip  apparently  to 
the  northeast,  or  vertical.  Near  the  fazenda  are  numerous 
road  cuttings  through  the  hillside,  showing  the  red  drift 
clays  to  be  many  feet  in  depth,  and  containing  an  abundance 
of  large  fragments  of  gneiss,  quartz,  and  mica  slate.  The 
river  Gravat^,  where  the  path  to  Oalh^o  crosses  it,  runs  in 
a  deep,  narrow  valley  bordered  by  gneiss  slopes,  rising  to 
chapada  plains  above.  I  observed,  in  ascending  the  slope 
to  leave  the  valley,  that,  for  some  five  hundred  feet,  the 
slope  was  strewn  with  quartz  boulders,  which  are  very 
numerous  and  large.  About  half-way  up  the  slope  there  is 
an  exposure  of  a  white  or  brownish  schistose  rock,  much  de- 
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cayed,  which  ecems  to  be  wholly  made  up  of  very  minute 
and  rounded  grains  of  limpid  quartz,  without  visible  cement 
in  the  specimens  I  examined.  This  rock  had  apparently  a 
dip  of  20°  to  tlie  soutliward.  The  relation  of  this  rock  to 
the  gneiss,  or  to  tlie  materials  of  the  chapada,  I  did  not  make 
out ;  hut  I  much  suspect  that  the  dip  waa  only  local.  This 
chapada  extends  from  the  Gravatd  to  a  little  valley  called 
Estrella,  nortli  of  which  is  a  plain  of  very  wide  extent,  and 
perfectly  level.  I  find  in  my  diary  a  note  that  on  the  top 
of  this  plain  I  saw  quai'tz  boulders  lying.  Two  httle  streams, 
the  Agua  da  Nova  and  Diamantino,  take  their  rise  on  the 
plain,  in  quite  extensive,  shallow,  marshy  lagoons,  but  they 
soon  cut  for  themselves  valleya  down  to  the  older  rocks  be- 
neath. These  plains  are  more  or  less  tliickly  covered  with 
bushes,  gnarly-hranched  trees,  and  occasional  thickets.  I 
saw  no  Indaiils  here,  but  a  little  crooked-stemmed  palm, 
called  Licurf,  the  bases  of  whose  leaf-stalks  were  persistent 
for  some  distance  down  the  stem,  was  quite  common. 
Ferns  are  rare.  Among  the  trees  are  several  species  which 
produce  edible  fruit,  especially  the  Mangabeira,  Bacuparf, 
Piqui,  &c.  Great  numbers  of  cattle  are  pastured  on  these 
plains,  and  grazing  is  one  of  tlie  principal  occupations  of 
this  part  of  the  country.  The  cattle  are  allowed  to  roam 
over  the  plains,  and  are  taken  care  of  by  mounted  vaqueiros, 
who  dress  from  head  to  foot  in  leatlier,  that  they  may  be 
able  to  break  through  the  thickets  in  their  chase  after  the 
cattle. 

The  valley  of  the  Agua  da  Nova  not  only  deepens,  but 
grows  wider  in  descending,  and  opens  out  broadly,  on  leav- 
ing the  chapada,  into  tlie  great  valley  of  tlie  Calhfio  and 
Arassuahy.  Running  along  the  edge  of  the  chapada,  at  tiio 
top  of  the  slope,  are  occasional  perpendicular  bluffs,  in  which 
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is  exposed  a  thick  hoiizontal  bed  of  sandstone,  which  is 
seen  forming  similar  bluffs  on  the  opposite  side  of  the  valley. 
Tills  bed  foiTiia  the  upper  sti-atum  of  the  chapada  formation, 
and  may  be  seen  forming  bluffs  of  the  same  sort  along  the 
valley  of  the  Calh^o,  The  sandstone  is  white,  very  com- 
pact, and  rather  fine-grained,  but  there  are  some  beds  which 
are  coarse,  containing  pebbles,  and  with  a  hard,  opaque, 
white  cement,  resemblmg  that  of  the  tertiary  sandstone  of 
Italiuiias.  Veins  of  milky  quartz  traverse  these  rocks. 
They  certainly  bear  an  altered  and  old  look,  but  they  are 
here  surface-layers,  and  have  never  been  disturbed.  The 
valleys  of  tlie  Calliax),  and  of  some  of  the  little  rivers  west, 
coalesce  several  miles  before  reaching  the  Arassuahy,  leav- 
ing the  metamorphic  rocks,  over  a  very  large  area,  denuded 
of  the  formation  of  tlie  chapadas.  This  fonns  a  great  de- 
pression like  a  lake  valley,  some  800  or  1,000  feet  below  tlie 
plain,  and  which  is  surrounded  on  all  sides  by  high,  level- 
topped  chapadas,  which  project  in  capes  and  promontories 
between  the  river  valleys.  The  bottom  of  the  depression  is 
diversified  by  low,  rounded,  wooded  hills.  Fi'om  the  top 
of  tlie  sharp  spur  of  the  chapada,  on  the  western  side  of  tlie 
valley  of  tlie  Agua  da  Nova,  one  has  a  magnificent  view  over 
this  gxeat  valley.  It  was  near  the  close  of  a  clear  afternoon 
that  we  rode  out  on  the  edge  of  this  spur  to  descend,  and 
suddenly,  leaving  the  bushes  of  the  plain,  saw  before  us  the 
beautiful  valley.  The  level-topped  chapadas  beyond  tlie  Araa- 
suahy  extended  like  a  wall  to  the  north  of  the  depression, 
blue  in  the  far  distance,  while  below  us  lay  the  billowy  sea 
of  foliage  which  clothed  the  bottom  of  tlie  valley.  Weeks 
of  sore,  weary  forest  wanderings,  beneath  a  rainy  sky,  were 
forgotten,  and  tlie  heart,  homesick,  tired,  and  often  disap- 
pointed, gladdened  as  tlio  eye  revelled  in  the  beauties  of  the 
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;  but  the  sim  was  rapidly  nearing  the  level  horizon, 
aud  our  camarada  warned  ua  tliat  we  must  descend.  So, 
turning  our  inulea  into  the  steep  path,  we  soon  passed  into 
the  thicliet,  and  the  landscape  was  lost  to  view.  It  was  as 
when,  after  the  curtain  haa  dropped  at  the  close  of  the  last 
act  of  an  opera,  and  the  memory  of  the  brilliant  scenery 
and  the  rich  music  still  lingers  in  the  heart,  one  wakea  to 
feel  the  sorrows  and  the  realities  of  life  again. 

The  country  bordering  the  Calhao  River,  for  several 
miles  above  its  month,  is  composed  of  slates,  which  are 
seen  exposed  in  the  banks  of  some  of  the  little  brooks 
flowing  into  tlie  Calhdo.*  Tliese  slates,  on  the  right  bank 
of  the  Arassualiy  River  at  Calhao,  are  fine-grained  and  sili- 
ceous, and  have  tlie  slaty  structure  well  developed.  They 
dip  to  the  N.  70'W.,  at  angles  varying  from  SO'' to  80°. 
The  planes  of  cleavage  dip  to  the  south  20°  W.,  but  I  have 
omitted  to  note  the  angle.  The  country  forming  the  bottom 
of  the  valley  is  much  more  uneven  tlian  one  would  suppose 
when  looking  at  it  from  the  chapada,  and  some  of  tiie  hills 
are  several  hundred  feet  high.  They  are  everywhere  cov- 
ered by  the  characteristic  red  drift-clay  on  tlie  surface,  under 
whioh  occurs  usually  a  sheet  of  pebbles,  as  at  Rio.  This 
pebble-sheet  is  sometimes  very  thick,  and  being  exposed  on 
hillsides  by  tlie  washing  away  of  the  clays,  leaves  them  very 
barren.  As  a  general  thing  tlie  country  ia  sparsely  wood- 
ed, but  ordinarily  the  forest  (catinga)  does  not  bear  the 

*  At  the  head-wBiers  of  the  Calhio  Spix  and  Martins  ftinnd  the  rock  to  be 
coarse-grained ,  whitish,  imstratified,  with  little  white  mica,  but  with  mneh 
blaofc  schorl,  otlen  in  long  prismatic  crystals.  Thoj  state  that  it  is  covered  by 
a  layer  of  gray  or  white  pebbles  of  qnartz  containing  ifrliriiias  (erysohervl) 
of  a  greenish-white,  pale  ochre,  ordtron-yellow  color,  and  others  of  an  olive, 
grass,  or  blue-green  color  {Agoas  mannJias),  precious  garnets  and  ivliitc  and 
bright  bine  topazes.     (Vol.  IL  p.  SOa.J 
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same  luxuriant  look  as  that  of  the  Mucury,  and  resem- 
bles a  second  growth.  I  have  observed  immense  arbo- 
rescent cactuses  (^Oereusy  growing  in  the  woods  near 
Oalh^.*  The  higher  lands  are  apt  to  be  dry,  though  tlie 
soil  would  otlierwise  be  fertile,  and  during  the  dry  season 
the  ti'ees  lose  their  leaves.  The  river-borders,  or  varzeas, 
are  very  productive.  Cotton  seems  to  be  the  principal  pro- 
duct, and  it  is  of  excellent  quality.  One  thousand  canoe- 
loads  were  sent  down  the  Jequitinhonha  to  the  sea  in  one 
year,  but  a  very  considerable  quantity  of  tlie  cotton  is  manu- 
factured at  home  into  coarse  cloths,  Ac.  Large  quantities 
of  corn,  beans,  &c.  are  raised  here.  CalhJio  is  a  village  of 
respectable  size,  situated  on  tlie  right  banli  of  tlie  Aras- 
suahy,  at  its  junction  with  the  Callido,  which  is  so  small, 
and  ordinarily  so  shallow,  that  the  negrowomen  wade  across 
it  to  fill  their  water-jars  in  the  Arassuahy.  At  CaHi^o  the 
latter  river  is  about  the  size  of  the  Mucury  below  Santa 
Clara.  Calhdo  derives  its  importance  from  being  a  sort 
of  centre  of  the  salt-trade  witli  the  coast  via  the  Jcqui- 
tinlionha. 

At  the  point  where  the  path  from  CalhSo  to  Minas  Novas 
crosses  tlie  Rio  Setubal  gray  quartzites  are  exposed,  with  a 
strike  of  N.  65°  E,,  dip  85"  southeastward.  At  the  passage 
of  the  Oorrego  de  SSo  JoSo  fine-grained  siliceous  gray 
schists  are  seen,  strilie  N.  60"  E.,  dip  88°  to  90°  southeast^ 
■ward  ;  and  at  the  passage  of  tlie  Sucurid  tbe  same  rock  is 
seen,  and  an  observation  gave  strike  N.  60°  E.,  dip  80°  N. 

*  Sji-itit  Hilaire  eays :  "  In  general  the  cactasee  in  the  province  of  Minas 
appear  to  belong  (o  the  catingas  in  tho  neighborhood  of  the  Arassunhy  and 
Jequifinhonhu,  for  I  have  not  met  with  a  single  Bpeciea  either  in  tha  Geraes, 
properly  so  called,  or  in  the  camiscos.  (Vol.  II.  Part  I,  p.  103.)  Tho  same 
author  calls  attention  to  the  number  of  Barrij;iido  trees  (Boni&tc],  and  the 
absence  of  Blelanostomacoous  plants  in  tho  catingaa. 
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At  the  villa  of  Sueurili  the  same  roelc  is  seen,  strike  N. 
30°  E.,  dip  60°  S.  On  the. west  side  of  tlie  Corrego  de  SSo 
Joao  there  is  an  outlying  cliapada  the  southern  side  of  whicli 
presents  a  red  and  white  cliff   a     1     1  expo  ed  horizon- 

tal wliite  beds,  which,  I  was  f  n  e  1  a  e  o  nposed  of  ta- 
batinga,  or  clay  over  ■which  s  a  tl  ck  be  I  of  eld  'ift-eai-th, 
such  as  is  seen  everywhere  <^o  t;  ng  I  e  un  y  The  drift, 
as  well  as  the  saiid  and  g  a  el  oi  tl  e  st  ean  s  i  tlie  vi- 
cinity of  Sucurid,  contains  gol  1  1  ufc  n  sn  all  ^ua  titles.  I 
saw  a  few  old  abandoned  wo  k  nge  "W  e  t  of  Sucuriu  the 
road  passes  over  a  ehapada,  and  descends  into  the  valley  of 
the  Sueurili,  which  is  bordered  by  high  slate  hills,  and  Uien 
ascends  to  a  ehapada  which,  perfectly  level  and  covered  by 
carrasco,  extends  for  a  league  to  the  EJo  d'Agua  Suja,* 
This  ehapada  is  precipitous  along  the  edges,  and  is  covered 
by  a  thick  bed  of  red  drift-clay,  under  which  appears  to  lie 
a  sheet  of  gravel,  which  in  some  places  is  cemented  by 
oxide  of  iron,  and  forms  a  conglomerate.  Prom  the  borders 
of  this  ehapada  one  has  the  most  extended  views  of  tlie  sur- 
rounding country,  and  in  clear  weather  the  higher  points  of 
the  Serra  do  Grao  Mogor  are  distinctly  visible. 

The  valley  or  caflon  of  the  Agua  Snja  in  some  places  cuts 
through  the  whole  ehapada  formation  to  tlie  raetamorphie 
rocks  below,  and  is  very  deep  and  narrow.  This  river  flows 
nortliward  into  the  Araasuahy.     After  crossing  a  narrow 

*  The  grass  and  bush*a  of  the  qampos  are  infested  by  the  carapato  [Ixodei 
minus),  a  wood-liek  which,  swept  off  by  contact  with  the  garments,  attaches 
itself  by  hundreds  lo  the  skin,  and  can  only  be  detached  by  the  application  of 
tobacco  or  something  of  the  iiind.  Strainers  are  apt  to  suffei'  eeverelj  from  the 
irritation  oansed  by  thase  diagnsting  creatures.  Even  the  Jaboti  tortoise  is  at- 
tacked by  them.  When  allowed  to  remain,  the  animal  feads  on  the  juices  of  its 
prey  nntil  its  body  becomes  as  large  as  a  castor-bean,  to  which  in  shape  and 
color  it  bears  a  close  resemblance. 
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cliapada  another  cafion  is  reached,  that  of  tlio  Eio  d'Agna 
Limpa  or  Mae  d'Agna,  a  Uttle  river  flowing  into  the  Agua 
Suja.*  The  banka  of  these  valleys  are  wooded,  and  possess 
a  fertile  soil.  At  the  ford  slates  of  ordinary  quaUty  are 
seen.  Strike  N.  50°  E.,  dip  70°  southeastward.  Between 
the  Capivary  and  Minas  Novas  the  country  is  very  hilly 
and  barren,  the  vegetation  being  of  the  character  of  the 
campos.  In  the  numerous  rain-gullies  in  the  mule-paths 
the  drift  is  cut  throiigh,  and  decomposed  slates  are  ex- 
posed. Tliey  are  as  soft  sis  the  drift-clay,  and  were  it  not 
for  the  different  tints  of  tlie  laminse  and  the  quartz  veins 
which  traverse  them,  it  would  be  difficult  to  recognize  them 
as  a  metamorphie  rock  decomposed  in  siid.  The  Eibeir§;o 
do  Meio  is  a  brook  emptying  into  the  Oapivaiy,  from  the 
sands  of  which  gold  has  been  obtained,  Spix  and  Mar- 
tins  liave  loft  us  the  following  graphic  picture  of  tliis  part 
of  the  country ;  — 

"  Tlie  thick  wood  appeared  to  us  a  wide  grave,  for  the 
dry  season  had  stripped  off  all  ornament  of  leaves  and 
flowers ;  only  once  in  a  while  thorny  species  of  smilax,  or 
cord-like  twists  of  cissus,  set  with  single  leaves,  climbed  up, 
or  the  stately  flower-panicles  of  Bromelias  stretched  them- 
selves out  from  among  the  branches Thorny  acacias, 

many-branched  Andirw  and  Copaifera,  and  fig-trees  rich  in 
milk,  appeared  here  in  exceeding  plenty ;  but  what  moat 
pleased  us  were  tlie  giant  stems  of  CltorisicB  (^Cltorisia  vert- 
tricosa),  which,  contracted  above  and  below,  were  swollen  in 
the  middle  hke  huge  casks,  their  cork-like  bark  being  beset 
with  stout  shmmg  brown  spines.  Here  huge  bunches  of 
parasitic  plints  depended  from  the  branches.    Here  myriads 

»  I  Hivp  the  ■ 
map,  tha  eastern 
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of  ants  have  hung  from  the  branches  their  iiesta  full  of 
Dfedaliaii  windings,  and  which,  with  a  circumference  of  sev- 
eral feet,  contrasted  sti'angely  in  tlieir  black  color  with  the 
bright  gray  of  the  leafless  branches.  The  autumnal  torpid 
■wood  echoed  with  the  cry  of  many  kinds  of  birds ;  especially 
croaking  araras  and  piriquitos.  Shy  armadillos  and  anteat- 
ers  (^Dasypus  septemcinctus  and  Myrmicophaga  tetradactyla) 
met  us,  ...  .  and  sluggish  sloths  (^Bradypus  tridactyJus} 
hung  stupidly  from  tlie  white  branches  of  the  embanba 
(^Cecropia  peUata),  which  here  and  there  rose  among  the 
rest  of  tlie  trees.  Herds  of  howling  monkeys  were  heard 
in  tl)e  distance.  The  high  dry  gi'ass  was  covered  with 
crowded  balls  of  little  carapatos,  which,  when  we  accident- 
ally disturbed  them,  scattered  tliemselves  witli  lightning-like 
rapidity  over  us,  and  excited  a  painful  itching.  Not  infre- 
quentty  a  snake  was  heard  in  the  thicket  by  the  traveller 
riding  hastily  by."  * 

I  passed  through  tliis  same  region  in  the  wet  season, 
when  the  trees  were  all  in  leaf,  and  the  woods  looking 
gay  and  pleasant.  I  saw  scarcely  any  animals.  I  heard 
some  guaribas  howling ;  but  neither  armadillos,  sloths,  nor 
snakes  of  any  kind  were  seen.  It  is  a  very  mistaken  idea, 
carefully  spread  abroad  by  our  geographies  and  popular 
works  and  pictures,  that  one  may  everywhere  expect  to  see 
in  the  Brazilian  forests  gi'cat  boas  wreatlied  about  the  trees, 
and  all  manner  of  birds  and  beasts  in  profiision.  I  have 
ridden  day  after  day  through  the  virgin  forest  without  seeing 
or  hearing  anything  worth  shooting,  and  notliing  more  dan- 
gerous than  a  wasp  ! 

In  the  year  1727  Seb^tiSo  Leme  do  Prado,  with  a  band 
of  Paulistas,  travelling  northwai'd  through  the  province  of 

*  Spix  and  Martms,  Rem,  Vol.  II.  pp.  499,  500, 
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Slinas,  discovered  gold  in  the  river  Bom  Successo,  and  gave 
it  the  name  wliich  it  bears  He  established  here  regular 
mining  operations,  and  founded  tlie  city  now  known  as  Minas 
Novas,  which  grew  to  be  a  flourishing  town,  Tlie  precious 
metal  was  also  discovered  elsewhere  in  the  vicinity,  and  in 
especial  abundance  on  the  hills  bordering  the  Rio  Capivary 
near  the  Arraial  da  Chapada,  where  it  was  very  exten- 
sively mined.  The  gold  was  principally  obtained  from  the 
sands  and  gravel  of  the  river,  and  from  the  gravel  sheet 
underlying  the  drift-clays  on  the  slopes  and  tops  of  the. 
hiUs.  Very  little  gold  was  exti'acted  from  the  veins  of  the 
quartz,  some  of  which  were  known  to  be  richly  auriferous. 
The  hills  are  dry,  and  wat«r  is  to  be  found  only  in  the 
rivers,  which  during  the  greater  part  of  the  year  afford  a 
good  supply,  so  tliat  the  washing  of  the  gravels  on  the 
high  grounds  was  attended  with  much  diCficulty.  Ditches, 
or  regas,  wci'C  dug  round  the  hills  to  collect  rain-water, 
which  was  brought  into  tanks,  and  in  some  of  the  washings 
all  the  water  used  was  derived  from  this  source ;  and  at 
Minas  Novas  and  Chapada,  washings  said  to  be  rich  were 
pointed  out  to  me  as  abandoned  because  of  the  scarcity  of 
water,  when  just  below,  a  hundred  feet  or  more,  tumbled  a 
dashing  stream.  Notwithstanding  the  disadvantages  under 
which  these  old  miners  labored,  a  large  extent  of  ground 
was,  as  we  shall  see,  worked  over,  and  an  immense  quantity 
of  gold  was  extracted,  according  to  one  autliority  300  arrobas 
(=9,600  lbs.  avoirdupois)  being  sent  to  Eahia  alone.  Many 
large  nuggets  were  discovered  in  these  mines.  In  the  Lavra 
do  Batatal  a  lump  weighing  28  lbs.  was  found.  Li  1746  dia- 
monds were  discovered  in  the  vicinity  of  Diamantina,  and 
government  prohibited  the  extraction  of  gold  in  order  to 
encourage  the  search  for  diamonds.     Tliis  prohibition  put  a 
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stop  to  the  gold-mining  of  Minaa  NoYas,*  and,  tliougli  the 
prohibition  has  been  removed,  tlie  blow  has  been  fatal,  for 
little  gold-mining  has  since  been  carried  on,  and  the  present 
inhabitants  content  themselves  witli  agricultural  pursuits, 
or  help  to  swell  the  number  of  miners  who  wash  for  dia- 
monds on  the  Rio  Jequitinhonha.  The  gold-mines  are 
to-day  practically  abandoned,  but  the  idea  tliat  they  were 
■worked  out  is  very  erroneous.  At  Minas  Novas  and  Oha- 
pada  the  rocks  are  slates  and  quartzites,  and  resemble  very 
closely  those  of  the  gold  region  of  Nova  Scotia.  Indeed,  it 
was  the  strong  resemblance  borne  by  the  slates  of  CalhS,o 
and  the  vicinity  to  the  Nora  Scotian  gold-bearing  rocks 
that  aroused  my  interest,  and  led  me  to  turn  out  of  my 
way  to  visit  Minas  Novas,  These  rocks  evidently  overlie 
the  mica  slates  which  ilank  the  gneiss  of  the  coast  belt, 
and  I  believe  they  will  prove  to  be  Lower  Silurian  in  age.f 
At  Minas  Novas  their  strike  is  N.  42°  to  50°  B.,  and  their 
dip  is  vertical.  They  are  traversed  by  great  numbers  of 
milky-quartz  veins,  some  of  which  are  well  known  to  be 
auriferous.  Some  of  these  veins  are  of  considerable  dimen- 
sions. In  an  enormous  gully  cut  out  by  the  surface  waters 
in  the  hillside  above  the  cemetery  on  the  Bom  Successo  at 
Minas  Novas  are  several  fine  veins  of  corrugated  qiiarta.$ 
These  veins  run  nearly  vertically  through  the  rock,  and  may 
be  beds  instead  of  veins.  As  they  are  esposed  in  the  cliff 
tliey  present  the  appearance  of  vertical  fissures,  in  which 
cylindrical  masses  of  quartz  are  piled  in  a  single  row,  their 

*  Tha  city  is  in  decay,  and  is  to-day  of  very  little  importance.  The  cotton 
taisefl  in  its  vicinity  has  a  very  excellant  reputation  in  Brazil;  similar  lands 
in  BaWa  and  Pemambuco  produce  a  good  quality  of  cotton, 

t  Perhaps  Quebec  group. 

i  Tlieao  appear  to  have  precisely  the  same  siructtu-o  as  the  "  Barrel  quarts  " 
of  Nova  Scotia, 
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ends  projecting  like  logs  Some  of  these  cylinders  of  quartz 
are  tv,  o  ieet  m  diameter  In  section  they  appear  as  repre- 
sented by  the  accumpanj  mg  woodcut,  I  spent  some  time 
m  an  Pxamination  of  this  vein  for  gold, 

but  coiM  detect  none.  The  large  size  of 
the  quartz  veins  of  the  vicinity  may  be  iii- 
fewed  fiom  the  dimensions  of  the  quartz 
bouldei?  scattered  over  the  surface,  some 
of  Tvhich  weigh  many  tons.  I  am  not  aware 
tliit  any  auriferous  vein  has  been  worked 
at  or  near  Minas  Novas,  but  at  tlie  Arraial 
da  Chipada  several  were  anciently  more  or 
less  worked  A  iich  vein,  according  to  universal  testimony, 
crosses  the  praga,  and  it  ie  well  known  that  one  miner  fol- 
lowed it  in  secret  until  he  undermined  his  neighbor's  house, 
when  his  secret  was  let  out.  There  one  hears  the  terms 
"  vein  "  and  "  gravel "  gold,  and  I  saw  many  beautiful  spe- 
cimens of  crystallized  gold  in  the  hands  of  the  inhabitants, 
some  of  which  were  taken  directly  from  quartz  vems,  though 
it  is  true  others  were  obtained  from  quartz  boulders,  Tliere 
can  be  no  doubt  that  rich  auriferous  lodes  exist  in  the  neigh- 
borhood, which  have  never  been  explored,  and  which  one  day 
must  be  developed,  for  aU  the  gold  which  so  richly  abounds  in 
the  drift  must  have  come  from  the  underlying  rocks,*  In  the 
Minas  Novas  region  I  have  seen  no  signs  of  gneissose  rocks, 
itacolumite,  or  itabarite  associated  with  the  auriferous  slates. 
The  slates,  &c.,  of  the  valley  of  the  Jequitinlionha  are 
decomposed  to  a  great  depth,  and  are  as  soft  as  earth,  and 
can  be  easily  worked  with  a  spade.  This  decomposed  rock, 
which  is  of  a  bright  red  color,  preserves  its  lamination,  and 
tlie  quartz  veins  traverse  it  as  in  the  solid  rock.  Excellent 
*  Tor  an  account  of  tlie  gold-mines  of  other  parts  of  Brazil,  see  further  on. 
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opportunities  for  the  examination  of  it  are  afforded  at  Miliar 
Novas  and  elsewhere  by  tlie  enormous  gullies  swept  out  in 
it  on  tlie  hillaides  by  the  mountain  torrenta.  Some  of  these 
gullies  are  more  than  100  feet  deep,  and  show  at  the  same 
time  the  very  finest  sections  of  the  drift.  Near  the  Arraial 
da  Chapada  the  bright  red  cliffs  of  tliese  ravuies  are  very 
conspicuous  elements  in  the  landscape,  and  some  parts  of 
the  country  appear  as  if  scored  by  a  giant  plough.  Burton 
describes  similar  gullies  in  otiier  parts  of  Minaa  and  in  SSo 
Paulo,  In  the  latter  country  they  have  received  tlie  name 
of  vossorocas.  Burton  supposes  they  were  formed  by  the 
giving  way  of  a  hillside  under  the  hydrostatic  pressure 
caused  by  the  soaiiing  of  the  mass  by  water ;  and  he  says 
that  the  ground  breaks  away  suddenly  with  the  force  of  an 
eruption,  the  hollow  in  the  liillside  thus  formed  being  after- 
ward excavated  to  a  greater  size  and  deptli  by  rains  and 
streams,  which  sometimes  gush  out  of  the  head  of  these 
gullies.  The  gullies  which  I  saw  did  not  strike  me  as 
having  been  formed  in  this  way.  I  supposed  tliat  they  had 
been  hollowed  out  with  more  or  less  rapidity  by  the  ac- 
tion of  surface  water,  perhaps  aided  by  springs,  and  with- 
out a  regular  land-slide.  The  surface  of  the  undisturbed 
decomposed  rock  is  always  well  marked,  and  has  a  regu- 
larly rounded  contour  like  that  of  the  gneiss,  and  is  never 
irregular  and  jagged  like  a  water-worn  surface.  The  de- 
composed rock  is  immediately  overlaid  by  a  sheet  of  cas- 
calho,  or  quartz  pebbles,  whose  thickness  varies  from  a  few 
inches  to  eight  or  more  feet.  The  pebbles  ai-e  of  all  sizes, 
and  are  moro  or  less  rounded.  I  observed  in  several 
localities  that  there  were  largo  boulders  lying  in  this  gravel 
just  above  the  rook.  Tlie  cascalho  is  often  bo  cemented 
by  ferric  oside  as  to  form  a  conglomerate,  which  requires 


d  by  Google 


160  GEOLOGY   ASD   PHYSICAL   GEOGRAFHY. 

to  be  broken  up  before  it  is  washed  for  gold.  Like  the 
drift  pebble  sheet  of  tlie  coast,  it  forms  a  concentric  layer 
wrapped  over  the  whole  rock  surface  of  the  bills,  and  it 
is  found  lying  on  very  high  slopes  and  piled  up  in  masses 
such  aa  water  never  deposits. 

It  ia  in  the  cascalho  that  the  greater  part  of  the  gold 
of  Minas  Novas  and  vicinity  occurs.  Over  this  gravel  lies 
a  mass  of  red  drift-clay,  varying  very  much  in  thickness, 
from  1  few  mches  to  fifty  feet  oi  moie  This  is  like  the 
drift-clays  of  the  coist  a  homogeneous  mass  tin  ough  which 
arc  scatttitd  fiom  time  to  time  ingulai  and  rounded  quartz 
bouldeia  of  laiee  ■^ize  Ovei  Hrge  tracts  between  Minas 
Novas  an  1  the  Vrraiil  da  Chapida  this  sheet  of  clay  is  so 
tliin  tl  at  the  o^sc■vlh)  lei  liet  on  the  suiface  and  the 
country  IS  cDnsen  ntly  stan^  and  barren  The  clay  con- 
tains sometimefl  moie  oj  les&  gild  It  is  however,  to  the 
cascalho  sheets  that  the  aeai  h  foi  the  precious  metal  has 
been  prmupally  c  mfine  1  The  gold  occurs  disseminated 
tlirough  the  gravel  in  flattened  grains,  and  occasional  nug- 
gets of  considerable  size,  -which  are  always  in  a  crushed  and 
battered  state.  The  process  of  estraction  was  similar  to 
that  described  by  Mawe  as  employed  at  the  mines  of  Jara- 
gu^  in  Sao  Paulo,  and  which  I  shall  further  unfold  in  the 
description  of  tliat  province.  It  consisted  in  stripping  off 
the  clay  sheet  down  to  the  gravel,  which  was  broken  up  and 
washed  on  the  spot  in  rude  trenches  to  separate  the  peb- 
bles, when  the  auriferous  mud  and  aand  were  washed  in 
the  bateia,  or  wooden  washing-pan.  A  great  number  of 
tlie  washings  were  situated  on  the  tops  of  hills,  or  slopes 
at  some  height  above  tlie  water  of  the  stream,  and  in  these 
cases  tlie  washing  was  performed  through  the  aid  of  rain- 
water.   In  several  localities  water  was  conducted  to  the  wash- 
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ings  from  streams.  Some  of  the  old  regas,  or  ditches,  are 
still  yiaihle  running  for  miles  around  the  hills.  The  supply 
of  rain-water  waa  of  course  sufficient  only  during  the  rainy 
season,  so  that  crashing  operations  had  to  be  suspended  for 
the  rest  of  tlie  year.  In  tlie  old  washings,  as  in  that  above 
the  cemetery  at  Minas  Novas,  or  the  Lavra  da  Santa  Cruz, 
at  the  junction  of  the  Eios  Fanado  and  Bom  Succesao,  the 
gravel  lies  in  great  piles.  At  the  Arraial  da  Ohapada  the 
same  thing  ia  seen,  but  tliere  tlie  ivhole  tops  of  hills  have 
been  deprived  of  their  clay  coathig  and  washed  over,  so  that 
to-day  they  are  hoary  with  the  quartz  boulders  that  remain, 
tlie  testimony  of  a  departed  industiy.  I  was  informed  that 
the  custom  was  with  the  miners,  as  a  general  thing,  to  wash 
the  gravel  on  the  spot.  It  seems  wonderful  that  when  the 
washing  was  near  a  river  or  stream  the  gravel  was  not  sent 
down  to  tliis  stream  to  be  washed.  To-day  the  washings, 
tliough  owned  by  private  individuals,  who  to  some  extent 
know  their  value,  are  unworked,  the  owners  finding  ifc  more 
profitable  to  puisne  agiicultme  oi  waih  for  diamonds  in 
the  Jeqratinhonha  The  ibundince  of  gold  over  thia  region 
may  be  '^cen  from  the  nuagets  in  the  po'sse'^sion  of  the  peo- 
ple, and  which  liai  e  been  pioked  up  on  the  hillsides  or  in 
rain-gullies  After  lains  one  Hee=i  in  the  ravines  tlie  prints 
of  Uie  feet  of  those  who  legulaily  go  m  search  of  gold 
washed  out  by  the  suifoce  waters,  and  m  the  atreets  of 
Minas  Novas  and  Chapada  little  dams  are  built  across  tlie 
small  rain-gullies  by  the  children,  to  collect  water  to  wash 
the  soil  for  gold,  which  tliey  collect  in  quills,  and  larger 
dams  are  built  by  the  elder  members  of  the  population 
for  the  same  purpose.  No  one  who  has  been  over  tlie 
ground  as  I  have,  and  has  seen  the  irregular  way  in 
which  the  mining  has  been  performed,  and  tlie  i 
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area  of  drift  which  has  yet  been  untouched,  —  drift  rich  in 
gold,  as  the  occasional  recent  waaliinga  testify, —  can  doubt 
that  the  region  is  far  from  exhausted.  It  has  only  been 
forgotten.  My  fi-iend  Mr,  J.  S.  Mills,  of  New  York,  an 
excellent  geologist,  who  has  discussed  these  observations 
witli  me,  has  suggested  that  the  gold  probably  occurs  in 
bands  in  tlie  drift,  tlie  direction  of  which  might  be  worked 
out  by  a  careful  topographical  siu-yey.  Senator  Theophilo 
Benedicto  Ottoni,  of  Rio,  about  two  years  ago  obtained  from 
the  Emperor  a  concession  of  the  area  of  tlie  Comarca  of  Uie 
Jequituilionha,  to  explore  it  for  gold  and  other  minerals ; 
and  an  attempt,  which  we  hope  may  yet  be  succeasfui,  has 
been  made  to  organize  an  American  company  for  the  pur- 
pose of  tlioroughly  exploring  and  developing  tlie  gold-fields 
of  Miuas  Novas  and  vicinity.  With  modem  mining  meth- 
ods and  appliances  I  have  tlie  fullest  confidence  that  they 
would  prove  very  remunerative.  The  system  of  wasliing  by 
hose-pipes  could  be  employed  successfully  in  many  local- 
ities. 

Grold  also  occurs  in  the  gravel  and  sands  of  the  streams, 
these  loose  materials  being  derived  in  part  from  the  drift, 
in  part  from  tlie  decomposed  rock.  Near  the  Arraial  da 
Chapada  is  an  outlier  of  the  tertiary  called  the  Serra  do 
Macaco,  which  forms  a  very  picturesque  fiat^topped  moun- 
tain, with  escarped  sides,  in  which  the  horizontal  layers  of 
red  and  white  clays  are  beautifully  exhibited. 

Now  that  we  know  ^lat  gold  may  occur  in  any  formation, 
why  may  not  the  lower  beds  of  this  series  be  found  to  be 
auriferous  in  some  places  ? 

I  have  had  no  opportunity  of  making  an  examination  of 
the  gold  of  Hie  Minas  Novas  region,  and  I  know  of  no 
analyses  ever  having  been  made  of  it. 
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The  sands  of  the  Arassuaiiy  above  tlie  Rio  Setubal,  or 
thereabouts,  are  rich  in  gold.  I  have  never  heard  of  their 
affording  diamonds. 

From  Calhdo  I  tooli  passage  in  a  canoe,  and  descended  to 
die  sea.  On  that  voyage  the  following  obsci-vations  were 
made  on  the  rivers  Arassuahy  and  Jequitinhonha. 

At  Oalli^  tlie  Arassuahy  is  about  as  large  as  the  BS.o 
Matlieos.  Its  current  is  strong,  and  even  during  the  dry 
season  it  contains  much  water.  The  country  on  both  sides 
of  tlie  river  below  Calhdo  is,  generally  speaking,  low  and 
uneven  up  to  the  foot  of  the  chapadas,  while  vargens,  more 
or  less  wide,  border  the  stream.  These  consist  of  alluvial 
deposits,  and  afford  a  rich  soil.  Their  height  above  the  av- 
erage level  of  the  river  is  about  twentj'  feet.  From  Calhfio 
to  tlie  moutli  of  the  river  the  country  is  sparsely  settled. 
The  river-bed  is  much  obstructed  by  ledges  of  slate,  but  tiiere 
are  no  rapids,  and  canoe  navigation  is  not  very  difficult. 
At  the  Pontalj  at  the  mouth  of  the  river,  tliese  slates  appear, 
from  the  canoe,  to  lie  very  flat,  and  to  be  traversed  by  heavy 
veins  of  a  crystalline  rock,  like  granite,  tlie  outcrop  of  one  of 
which  crosses  just  above  tlie  Pontal.  At  this  place,  in  the 
angle  between  the  two  rivers,  is  a  little  settlement,  which 
the  inhabitants  hope  may  one  day  rival  Galh5.o  in  its  com- 
merce in  salt. 

The  traveller  who  has  heard  the  Jequitinhonha  constantly 
spoken  of  by  the  Mmeiros  as  a  "  majestoso  rio,"  feels  much 
disappointed  when  he  reaches  it  at  its  junction  with  the 
Ars^suahy,  for  it  is  but  little  larger  than  the  latter  river. 
It  is,  however,  much  deeper. 

Above  the  Arassualiy  the  Jequitinhonha  flows  in  a  Tride 
canon,  separated  from  the  valley  of  the  Arassuahy  by  a 
long,  narrow   ehapada,  which   extends   from   the   western 
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limits  of  the  chapada  formation  well  down  into  tlic  angle 
formed  by  the  union  of  the  two  rivera.  The  chapada 
forming  the  eastern  boundary  of  the  valley  of  tlie  Calh^o 
comes  down  into  the  corresponding  angle  on  the  other 
side  of  the  Arassualiy,  so  that  that  river  really  escapes  into 
tlie  canon  of  the  Jequitinhpnlia  through  a  cut  across  the 
chapadas.  Below  the  mouth  of  the  Calli^o  the  river  valley, 
comprised  between  the  chapadas,  is  quite  wide,  uneven,  and 
composed  of  mica  slate,  gneiss,  &c.  Some  six  or  eight 
miles  down  the  river  there  is  a  high  hill,  the  Morro  do 
Ariao,  which  presents  the  smooth,  black-stained,  even  rock 
surface  so  characteristic  of  the  gneiss  hills  of  the  coast. 

Fifteen  or  twenty  miles  below  the  Calhio  the  little  river 
Piauliy  enters  tlie  main  river  from  tlie  south.  This  stream 
takes  its  rise  in  the  Serra  do  Chifre,  a  short  distance  to  the 
north  of  the  soui"ce  of  the  Calh^,  from  which  river  it  is 
separated  by  a  strip  of  chapada  called  the  Chapada  do 
Piauhy,  on  the  plains  of  which  herds  of  cattle  are  pastured. 
The  Piauhy  is  noted  for  its  affording  grisolitas  (peridot©  or 
chrysoberyl),  pingoas  i^agua  (white  topaz  or  limpid  quartz 
pebbles),  and  other  valuable  stones,  like  those  found  in  the 
Uio  das  Americanas  in  the  Mucury.  Tlie  chiysoberyls  are 
used  in  jewelry  and  by  watchmakers,  and  at  the  time  of  my 
visit  to  Minas  were  selling  for  11  $  000  per  pound,  or  about 
15.50  American  currency.  The  demand  of  late  years  for 
them  has  been  very  small.  A  few  years  ago,  according  to 
Senator  Ottoni,  several  hundred-weight  were  extracted  and 
exported,  which  drugged  t!ie  market,  and  made  it  for  a  long 
time  unprofitable  to  wash  for  them. 

Two  miles  below  the  Earra  do  PlauJiy,  tlie  mica  slates  dip 
to  the  N.  45°  W.,  and  at  the  Ilha  do  Cubango  tliere  are 
heavy  vertical  veins  of  granite,  which  extend  in  walls  almost 
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across  the  river,  while,  a  couple  of  miles  farther  down,  there 
are  some  high  gneiss  or  micarslate  hills.  The  river  is  full 
of  rocks,  and  the  banks  are  rocky,  though  the  banks  of  the 
river  are  generally  low.  At  the  Arraial  d'ltinga  the  mica 
slates  still  show  themselves,  with  a  strike  of  N.  45°  E.,  and 
vertical  dip,  and  are  traversed  by  granite  veins. 

Tlie  Arraial  is  a  considerable  little  town,  built  on  a  ridge 
of  quartz  gravel  bordering  the  river  on  the  northern  side, 
and  which,  being  considerably  higher  than  the  river  border, 
itself  about  twenty  feet  high,  is  not  covered  during  tlie 
enchente.  It  derives  ite  importance  from  its  tmde  in  salt, 
which  is  brought  up  the  river  from  the  sea,  and  is  sent  into 
tlie  interior  to  tlie  SertSo  do  Uio  Pardo,  together  with  mer- 
chandise, &c.  On  both  sides,  but  at  a  considerable  dis- 
tance, tlie  chapadas  skirt  the  river,  but  they  are  rarely  seen 
by  the  voyager  by  canoe,  because  of  the  intervening  gneiss 
hills,  which  are  sometimes  500  to  800  feet  in  height  above 
the  level  of  the  river.  Just  below  Itinga  one  has  a  distinct 
view  of  a  chapada  on  the  south  side  of  the  river,  and  in  the 
cliifs  at  its  top  the  characteristic  white  rock  is  seen.  Tlie 
height  of  the  chapada  top  above  tlie  level  of  the  river  must 
be  over  1,000  feet. 

Tlie  rocks  exposed  in  tlie  river-banks  between  Itinga  and 
the  "  Estreito  "  ai'e  gneiss,  a  compact  variety.  The  hills  have 
the  ordinary  topography  of  the  gneiss  regions  of  the  coast, 
and  often  present  bare,  blackened  cliffs  and  slopes.  Back  of 
tlie  hills  the  flat  tops  of  the  chapada  are  seen,  and  occasion- 
ally they  accompany  the  river.  The  slopes  of  the  chapadas 
invariably  show  gneiss  almost  to  fclie  top,  where  there  are 
usually  lines  of  white  cliffs.  Tlie  thick  red  bed  at  the  top 
of  the  chapadas  of  Minas  Novas  I  have  not  observed  here, 
nor  is  it  to  be  seen  in  tlio  cliffs  of  the  chapadas  at  the  junc- 
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tion  between  the  Arasauahy  and  Jequitinhouha.  The  hilla 
and  chapada  slopes  are  tliickly  wooded,  hut  the  treca  are  all 
small.  A  small  species  of  Earrigudo  (Imbar^,  Bombax,  or 
Ckorisia),  with  an  enormously  swollen  trunk,  ia  very  abun- 
dant on  the  margin  of  the  river.  Tlie  com-se  of  the  river  is 
rapid,  and  its  breadtli  ia  about  equal  to  that  of  the  Parahyba 
do  Sul  at  Sao  Fidelis.  At  the  "  Estreito  "  t!ie  river  passes 
tbroiigh  a  narrow  gorge  across  a  gneiss  ridge.  This  chasm 
ia  in  some  places  not  more  than  150  feet  wide,  and  is  a  most 
romantic  spot.  The  sides  ai-e  bold,  rounded  masses  of  rock 
piled  up  one  upon  the  otlier  in  picturesque  confusion. 

When  the  river  is  swollen,  the  "Estreito"  ia  a  fearful 
place  to  paaa  ;  the  waters  rush  tlirough  with  great  fury,  and 
below  it  are  dangerous  whirlpools,  where  canoes  are  frequent- 
ly lost.  Between  tlie  "Estreito"  and  the  Pedra  do  Bode 
the  river-banka  are  low  and  flat,  and  the  country  behind 
is  often  mai'sby  and  interepersed  with  shallow  lagoons.  In 
one  of  theae  I  found  an  abundance  of  Ampullarias,  but  I 
coidd  find  no  other  shells.  The  Pedra  do  Bode,  one  of  the 
noted  landmarks  on  the  river,  is  a  gneiss  hill  on  the  north 
bank,  presenting  a  amootli  precipitoua  face  to  the  river.  It 
is  of  some  considerable  altitude,  but  is  not  so  high  as  the 
chapada  behind  it.  Thence  to  Sao  Miguel  the  river  ia 
bordered  by  gneiss  hills  and  chapada  spurs,  and  back  of 
these,  on  both  sides  of  the  river,  are  seen  the  level  tops 
of  the  chapadaa  which  accompany  tlie  river.  The  hilla 
are  often  very  abrupt,  and  present  many  bare  surfaces. 
Some,  which  may  not  be  wholly  composed  of  gneias, 
are  very  regular  in  their  curves,  and  have  steep  slopes 
covered  with  a  low  vegetation.  The  Indai^  palm  is  very 
common  on  some  of  the  hills,  going  to  make  up  the 
greater  part  of  some  of  the  woods.     A  short  distance  above 
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Sao  Miguel  is  the  Caxoeira  do  Labyrintho,  a  series  of  rapids 
extending  for  more  than  a  mile.  In  some  states  of  the 
river  these  rapids  ai'e  very  dangerous,  owing  to  the  incli- 
nation of  the  river-bed  and  the  numerous  rocks  which 
obstruct  the  river,  and  canoes  are  wrecked  and  lives  lost 
here  almost  every  year.  In  descending,  the  proeiros,  or 
oarsmen  of  the  prow,  row  vigorously  to  give  the  canoe 
a  good  headway,  so  that  it  may  obey  the  steering-oar, 
which  must  be  handled  very  dexterously.  SSo  Miguel  is 
a  miserable  hamlet  on  tl^e  right  bank  of  the  river  at  tlie 
mouth  of  the  river  Sao  Miguel,  which  takes  its  rise  in 
tlie  same  serra  with  the  Rio  das  Americanas.  It  is  impor- 
tant principally  because  of  its  commerce  in  salt.  There 
are  some  large  fazendas  in  tlie  vicinity  on  botli  sides  of 
the  river,  on  which  very  large  herds  of  cattle  are  raised- 
There  are  said  to  be  some  fertile  lands  here.  Below  Sao 
Miguel  is  the  Caxoeira  de  Dorma,  a  series  of  rapids  usually 
easily  passed.  On  the  right  bank  of  the  river,  and  some  two 
or  three  miles  below  SSo  Miguel,  is  a  range  of  irregular  gneiss 
hills,  which  have  apparently  a  general  north-south  trend, 
and  present  a  precipitous  front  to  the  west.  A  small  stream 
spring  from  the  top  of  one  of  these  precipices,  and  hangs 
a  white  thread  of  water  against  the  black  wall  of  rock. 
Irregular  gneiss  hills  occupy  the  right  bank  of  the  river  for 
some  four  and  a  half  leagues.  On  the  left  bank  the  great 
chapada  sti-etches  along,  its  sides  descending  with  rounded, 
smooth  slopes,  often  destitute  of  forest  and  green  with  low 
herbage.  The  stream  here  is  full  of  rapids  witli  a  strong 
current,  and  is  about  600  feet  wide.  The  scenery  on  this 
portion  of  the  river  is  exceedingly  grand.  Just  above  the 
valley  of  SSo  SimSo  is  a  little  village  called  Farrancho,  in- 
habited by  cii'ilizod  Machacalis.     Below  this  tlie  chapada 
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slopes  advance  to  tJie  river-side  and  border  it  for  a  league 
or  more,  forming  tlie  narrow  valley  of  SSo  SimSo.  The 
chapadaa  are  of  great  elevation, — 1,200  feet  or  more  above 
tlie  i-iver ;  their  sides  descend  with  steep,  smooth  slopes  to 
tlie  river.  Tlie  lower  part  of  the  slopes  is  thickly  wooded, 
,  but  toward  tlie  top  the  vegetation  generally  becomes  low 
and  scrubby ;  in  eome  parts,  however,  they  are  wooded  to 
the  top. 

The  regularity  of  the  slopes  would  justify  one  in  assign- 
ing to  the  chapada  formation  here  a  great  thicljuess.  At 
the  entrance  of  the  valley  a  very  siliceous  gneiss  is  seen 
underlying  the  chapada.  Leaving  SSo  SimSo  the  ebapadas 
recede  from  the  river,  and  tlie  country  thence  to  the  Salto 
Grande  is  gneiss.  Immediately  below  Sao  Simao  are  pic- 
turesque groups  of  hills, —  the  Serra  da  Vigia  on  the  right, 
and  the  Serra  das  Panellas  on  the  left,  —  and  below  tliese 
are  tlie  rapids  of  tlie  Panellaa,  In  descending  we  pass  the 
Serra  do  Feijoal  on  the  left,  and  otlier  hills  on  both  sides 
of  tlie  river,  shoot  the  Caxoeira  do  Angelim,  tlie  Caxoeira 
da  Farinha,  and  other  rapids,  and  reach  the  eastern  extrem- 
ity of  the  fine  Serra  da  Lua  Cheia,  which,  coming  from  the 
southwest,  breaks  down  near  the  river.  Between  the  hills 
of  the  Feijoal  and  the  Serra  da  Lua  Cheia,  tlie  lands  border- 
ing the  river  are  generally  flat  and  low,  so  low  tliat  they  are 
easily  flooded  by  the  enchente.  The  soils  of  these  low 
lands,  or  vargens,  are  in  general  composed  of  a  fine  sand 
witli  but  little  admixture  of  clay.  They  appear  to  be  very 
fertile,  as  the  vegetation  they  support  is  very  luxuriant. 
These  flat  lands  are  full  of  swamps  and  shallow  lagoons,  which 
are  flooded  during  the  enchente,  and  are  left  full  of  water 
when  the  freshet  subsides.  This  water  sometimes  becomes 
putrid,  from  the  decay  of  the  vegetables  abounding  in  the 
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swamps,  and  fills  the  air  witli  miasma,  while  the  water  en- 
tering the  river  poisons  it.  It  was  in  tlie  beginning  of  May 
that  1  descended  the  river.  Between  Sao  Miguel,  sezoes,  or 
fever  and  ague,  were  exceedingly  prevalent,  and  I  left  all 
my  caiioe-men  sick  at  Salto  Grande.  There  was  scarcely  a 
house  on  the  river  where  theie  were  not  eases  of  feier,  and 
canoes  on  the  up  voyage  weie  del  tj  ed  it  the  Salto  and 
elsewhere  along  the  route  because  of  the  sickncbs.  ot  the 
crews.  Tills  general  prevalence  of  fevei  among  tlie  canoe- 
men  is  principally  attributable  to  their  exceeding  impru 
denee.  They  drink  freely  of  tlie  warm  muddy  river-water 
when  overheated.  They  bathe  in  it  mider  the  hot  sun,  and 
go  with  dripping  garments  a  great  part  of  the  time,  spend- 
ing frequently  night  after  night  under  drenching  rains  with 
no  otlier  shelter  than  a  woollen  blanket,  I  had  risen  from 
a  sick-bed  to  make  tlie  voyage,  and  was  constantly  exposed 
to  tiie  rain  and  cold  ;  but  I  avoided  the  river-water,  and  es- 
caped, as  did  my  fellow-traveller,  a  merchant  from  Calh^.* 

The  hills  comprising  the  Serra  da  Lua  Cheia  are  of  con- 
siderable altitude,  much  broken  up  and  very  in-egular  in 
outlmo.  In  this  serra  are  several  conspicuous  needles  visible 
from  a  long  distance,  two  of  which  are  named  respectively 
the  Enchadao  and  Enchadinho.  From  this  serra  to  the 
dangerous  Caxoeira  de  Santa  Anna,  formerly  called  the 
Oaxoeira  do  Inferno,  tlie  river  is  very  rapid,  full  of  islands, 
and  there  are  some  places  difficult  to  pass. 

The  Caxoeira  de  Santa  Anna  is  at  all  times  so  dangerous 
tliat  the  cargo  is  always  carried  round  the  rapids,  and  re- 
embarked  below,  the  canoe  descending  empty.     At  the  head 

*  I  cannot  let  pass  this  opportunily  of  acknowledging  the  kindness  of  this 
gentleman,  Senhor  Barutlo,  a  mulatto,  who  gave  me  my  passage  to  the  Sallo 
from  Calhiio,  nnd  was  of  tho  grcateBt  service  to  me. 
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of  the  rapids,  which  extend  for  nearly  a  mile,  is  a  large  isl- 
and, Botli  chamiels  are  practicable  in  some  states  of  the 
river,  but  with  low  water  tlie  northern  is  tlie  only  safe  one. 
The  Caxoeira  consists  not  only  of  a  series  of  rapids,  but  also 
of  several  bancos,  or  low  cascades.  Canoes  constantly  de- 
scend,—  a  most  exciting  feat.  Tlie  ascent  is  accomplished 
only  with  the  empty  cauoe  and  with  great  diiSculty.  Between 
thia  Caxoeira  and  the  Salto  Grande  tlie  river  is  very  swift 
full  of  rapids,  and  obstmcted  by  rocks,  while  m  some  j  laces 
it  is  very  nai'row,  and  bordered  by  a  wide  mirgin  of  rocksi 
covered  by  the  annual  floods.  Islands  aie  numeious  At 
the  town  of  Salto  Grande,  a  wretclied  httle  ]lace  on  the 
right  bank,  a  quarter  of  a  mile  above  the  Salt3  oi  f  lis 
and  celebrated  for  its  trade  in  salt  it<^  the  inei  is  only 
eighty  to  one  hundred  feet  in  width  hut  on  each  side  aie 
low  margins  of  bare  gneiss  *  rock  an  \  sand  binks 

At  the  Salto  tlie  river  reaches  a  point  whence  within  the 
distance  of  a  mile  or  thereabouts,  it  descends  some  three 
hundred  feet,  more  or  less,t  in  a  splen  lid  seiiei  of  ca'.cades 
and  rapids.  At  the  head  of  the  Caxoeiii  when  tlie  iiver  is 
not  swollen,  it  is  suddenly  narrowed  to  foitj  oi  fittj  feet 
and  plunges  down  a  very  steep  incline  into  a  goige  with 
perpendicular  banks, .making  a  wild  ind  mist  romantic  fill 
of  about  fifty  feet.  Below  this  are  other  falls,  which,  owing 
to  tlie  state  of  the  weather,  I  was  unable  to  visit.  On  each 
side  of  the  rapids  is  a  wide  strip  of  rocky  ledges,  swept  bare. 
When  tlie  enchente  prevails,  tlie  stream  swells  too  big  for 
its  channel,  and  pours  in   a  terrible  flood  over  the  rocks 

*  This  gneiss  is  compoaed  of  felclspar,  quarta,  and  hornblende,  and  is  well 
bedded.    Strike,  H.  8(P  W.,  dip  renical  at  the  upper  Porlo  do  Salto. 

t  I  am  entirely  unable,  from  the  character  of  the  country,  to  form  a  very  re- 
liable caiimato  of  the  total  lieight  of  Iheae  falla,  but  I  believe  that  000  feet  ia 
nrnch  within  the  truth. 
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on  each  side,  making  a  series  of  rapids  to  wliich  those  of 
Niagara  ai-e  as  nothing.  The  Salto  Grande,  during  tlie 
floods,  must  he  a  sight  worth  a  pilgrimage  to  see.  Tlie 
Dtcciano/rio  Geograjico  says  tliat  the  fall  is  twenty  bra^as 
in  height,  and  that  the  noise  of  the  waters  may  be  heard  at 
a  distance  of  four  leagues,  which  is  not  very  correct.  The 
Salto  consists  of  several  falls  and  rapids,  as  above  described. 
The  Casoeira  is  of  course  an  effectual  barrier  to  navigation, 
commerce  recLuirmg  a  transport  of  goods  by  mules  ai'ound 
it,  which  have  to  be  re-embarlced  above  or  below  the  falls. 
On  the  loid  from  the  village  to  the  poit  below  the  coun- 
try is  seen  to  1  e  coveied  as  usuJ  with  d  ift-clay  in  which 
ai'e  laige  boulders  of  the  homblenlic  ^neis  to-,ether  with 
rounded  ^nd  ongulai  fraj,inents  ot  quartz  Below  tlie  Salto 
the  river  leaves  the  pio^niueol  Mmis  Gerae  and  enters 
thatofEal  i  lut  to  mal  e  mv  desfi  ]  tiD  i  t  the  iiver  com- 
plete I    ont  1  e  it  hcie  to  tl  e    pi 

Betiieen  the  '^alto  ind  the  CoxDeniiiha  the  mer  is  nar- 
row, with  hiji  gneiss  banks  It  is  niich  olstiucted  by 
rocks  and  rapids  but  this  pait  of  tlie  iiier  I  am  unable  to 
describe  in  detail,  because  I  was  obliged  to  run  the  greater 
part  of  it,  rapids  and  all,  in  the  night.  At  tlie  Caxoeirinha 
the  river  leaves  the  rocks,  and  becomes  a  rio  d'areia.  Up 
to  this  point  the  canoes  bring  from  tlie  sea  very  heavy 
loads  of  salt,  &ii.,  but  here  their  cargoes  have  to  be  divided 
and  rearranged.  Here  has  sprung  up  a  little  settlement, 
which  bears  the  same  name  as  the  rapids,  but  it  is  of  no 
importance. 

Tlie  river,  on  leaving  the  rocks,  becomes  immediately  shal- 
lower, less  rapid,  and  widens  into  a  fine  broad  stream,  com- 
parable to  the  Doce,  and  from  800  to  1,000  feet  in  width  or 
more.     Tlie  lands  also  gTow  lower,  and  the  river  valley  is 
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cut  througli  the  coast  tertiary  band.  The  whole  country  is 
heavily  wooded,  but  the  vegetation  did  not  bear  to  nie  tlie 
luxuriant  air  of  that  of  the  Boce.  Thero  are  a  few  settlers 
along  tlie  river,  and  one  or  two  large  fazendas.  At  a  place 
called  ZLuehra,  a  few  leagues  above  the  mouth  of  the  river 
there  is  an  old  fazenda,  witli  which  is  connected  a  good  saw- 
mill. Below  this  a  short  distance,  on  the  same  or  right 
bank  of  the  river,  an  American  colony  has  been  established, 
and  on  tlie  occasion  of  my  visit  I  found  two  Southern- 
ers, Messrs.  Ogden  and  Thompson,  engaged  in  cutting  a 
clearing  in  the  forest.  The  locality  they  have  chosen  is 
a  fertile  one,  but  it  seems  tome  doubtful  whetlier,  single- 
handed,  they  can  ever  succeed.  Below  Zinebra  the  tertiary 
lands  leave  the  river,  an  isolated  patch  being  found  on  the 
Po-assii,  a  channel  on  tlie  nortli  whence  some  of  the  waters  of 
tlie  Jequitinhonha  escape  into  the  Pardo.  Thence  to  the 
sea,  low  alluvial  lands,  witli  a  heavy  forest  growth  and 
swamps,  border  tlie  broad,  beautiful  river.  It  is,  however, 
very  shallow,  and  full  of  sand-bars.  Tlie  river  would  be 
navigable  for  a  little  flat-bottomed  river  steamer,  but  it 
would  have  to  be  of  very  light  draught.  At  the  mouth  the 
river  becomes  exceedingly  broad  and  shallow,  and  is  to  such 
an  extent  obstructed  by  sand-bars,  that  the  level  of  tlie 
liver  is  always  higher  than  tliat  of  the  sea,  and  tlie  salt 
water  never  enters,  as  is  the  case  with  most  other  rivers. 
So  heavily  does  the  surf  beat  on  the  bar,  tliat  vessels  enter 
with  great  diificulty,  and  when  once  tliey  have  entered  it 
often  happens  that  weeks  or  even  montlis  may  elapse  before 
it  may  he  safe  to  pass  the  bar  again.  Cargoes  of  com  laden 
at  Belmonte  have  often  to  be  relanded  after  lying  in  the 
hold  of  a  vessel  for  weeks.  Nor  is  this  all.  The  sand-banks 
are  constantly  shifting,  and  avessel  at  anchor  may  be  heaped 
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round  by  sand  and  detained  for  a  long  while.  The  result 
is,  that  the  port  is  rarely  ever  resorted  to  by  coasters. 
Belmoiite  ia  a  little  town  situated  on  the  alluvial  border 
of  the  river,  in  a  grove  of  cocoanut-trees,  on  the  right 
bank,  a  short  distance  above  the  mouth.  During  the  fresh- 
ets it  is  liable  to  suffer  from  tlie  eating  away  by  the  river 
of  the  bank  on  which  tlie  town  stands.  It  is  of  scarcely 
any  importance,  doing  very  little  trade,  its  inhabitants  being 
prhicipaily  fishermen.  Cattle  arc  raised  on  the  plains  of  the 
vicinity,  but  there  is  small  opportunity  for  agriculture. 

From  Caxoeirinha  to  the  fazenda  of  Zinebra  I  saw  next  to 
nothing  of  the  geology,  owing  to  a  part  of  the  journey  having 
been  made  in  the  night,  and  beeanse  of  the  prevalence  of 
very  heavy  rains ;  but  near  Zinebra  I  saw  a  small  exposure 
of  shales,  which  appeared  to  be  of  the  same  character  as 
those  hereafter  to  be  described  in  speaking  of  the  Rio  Pardo, 
but  owing  to  the  height  of  the  river  I  could  make  nothing 
of  them.  The  Dicdonario  Geografico  says,  in  speaking  of 
the  river,  that  in  1840  beds  of  rose-colored  marble  were  dis- 
covered. Through  tlie  kindness  of  Senhor  Pirajd.  I  have  in 
my  possession  a  specimen  of  tliis  marble.  It  is  exceedingly 
fine  in  texture,  and  of  a  delicate  pink  tint,  compact  and 
hard,  and  would  take  a  fine  polish.  If  it  occurs  in  sufficient 
quantities,  it  would  make  a  beautiful  building-stone.  For 
tlie  present  let  us  leave  tlie  Jequitinhonha.  "When  treating 
of  the  geology  of  the  Province  of  Baliia  we  shall  have  to 
return  to  it  again. 
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CHATTER    IV. 

THE   ISLANDS    AND    CORAL   EEEFS    OF   THE   AEROLHOS. 

The  Geology  of  the  Abrolhos  —  Trap-bed,  Fossil  Pkota,  &o. — Land  Fauna  and 

Mora.  h\  lers  Lzn  da  and '-lea  Birds.  — The  Cemetery  of  the  Frigale-Birda. 
—  The  Wliale  and  Garonpa  Fisheries.  —  Impoitance  of  Ihese  Fisheries. — 
The  myth c  1  Brai la  R  ef  —  The  Coral  Reefs  and  CouEolidated  Beaches 
oonfoanded  by  Travellers  and  Writers.  —  The  Author's  Discoveiy  of  the 
Porto  begiran  Co  al  Eecf  —  Coial-building  Corals  found  almost  wholly  lo 
the  north  of  C  pe  Tr  o  —  The  Fr  nging  Eeef  of  Santa  Barbara ;  its  Structure 
and  Life.  —  Corals  fonnd  on  the  Eeef.  —  Star-fishes,  Ophinrans,  &c.— 
Keeemblanoe  between  the  Eohinoderms  of  the  Abrolhos  and  West  Indies.  — 
The  ChapeirOea.  —  The  Pared  dos  Abrolhos;  its  Appearance;  fbrms  a 
Kerioua  Obstacle  to  Navigation.  —  Safe  Canal  west  of  the  Islands. —  The 
Parcel  dos  Parades.  —  The  R«dfo  do  Lixo.  —  Its  great  Extent.  —  The  Sub- 
merged Border  and  its  Coral-Growth.  —  The  Coral  Fauna  of  Brasii.  —  The 
Millepores  and  their  Stinging  Properdes.  —  The  Reefs  of  Tinitiebas,  Itii- 
columi,  Porto  Segnro,  Santa  Cruz,  Camamii,  Dahia,  Maceid,  and  Pernam- 
buco.  —  The  Eoccas, 

The  islands  of  the  Abrollios  *  lie  about  midway  between 
the  cities  of  R-io  and  Bahia,  a  little  south  of  the  pai-allel  of 

«  The  general  impression  seems  lo  be  that  Hie  name  is  derived  from  the  Por- 
tngnese  words  meaning,  "  Open  your  eyes,"  a  name  wbieh  would  be  exceed- 
ingly appropriate,  for  the  islands,  whitened  by  the  dang  of  sea-birds,  have  a 
spectral  loolt,  and,  in  addition,  the  reets  with  which  they  are  snn-ounded  are  so 
dangerous,  that,  before  the  lighthouse  was  erected,  it  required  mnch  vigilance 
to  enable  vessels  to  pass  them  in  safety,  and  they  have  been  always  justly 
dreaded.  The  author  of  the  odd  old  Dutch  Bei/s-boeck  van  het  rijcke  Bras&ien, 
published  in  1624,  says  that  they  are  very  perkitleus,  and  adds ;  "  Daerora  als 
by  dese  passagien  passeren  willen  so  nemen  sy  eerst  met  al  haer  vole  het  Sae- 
Toment  ende  wanncer  sy  die  ghepnsseert  hebben  bedrijven  sy  groote  biijdtschnp- 
ghelijcli  al  by  alle  Jicmaien  soo  wel  vande  spaensche  als  van  de  onse  tc  sieii  is  !  " 
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Caravellas,  and  at  a  distance  of  about  forty  miles  from  the 
mainland.  The  position  of  tlie  lighthouse  on  the  island  of 
Sanfab  Barbara  is,  according  to  Mouchez,  lat.  17"  57'  31" 
S.,  long.  40"  58'  58"  west  from  Paris.  These  islands  are 
situated  apparently  near  the  middle  of  the  submerged  bor- 
der of  tliQ  continent,  which  here,  over  a  very  large  area,  lies 
at  a  deptli  of  less  than  one  hundred  feet.  They  are  four  in 
number,  with  two  little  islets,  and  they  are  arranged  in  an 
irregular  circle,  three  of  them  close  together.  All  are  rocky 
and  rather  high,  Santa  Barbara,  the  principal  one,  being 
33.22  metres  in  height.  The  length  of  this  island  is  about 
tliree  quarters  of  a  mile.  Its  outline  is  irregular,  and 
it  is  very  narrow.  It  is  composed  of  beds  of  sandstone, 
shales,  and  trap,  which  dip  approximately  north-northwest, 
at  an  angle  of  from  ten  to  fifteen  degrees.     Owing  to  tins 

Captain  and  crew  took  the  Sacrament  before  passing  them  !  The  name,  how- 
ever, means  rocka,  and  is  so  defined  in  Fonacca'a  Dictionary.  There  is  a  little 
gronp  of  reefs  and  islands  lying  on  the  western  const  of  Australia,  in  lat,  28° 
S.,  and  known  as  Houtman's  Abrolhos.  These  ate,  in  great  part  at  least, 
composed  of  coral 


,db,Google 


176 


GEOLOGY   AND   MYSICAL  GEOGRAPHY. 


northward  dip  of  iJie  strata,  the  nortliern  side  of  this  island 
presents  a  steep  slope  to  the  sea,  while  on  all  other  sides  it 
is  prcoipitouB,  The  island  is  almost  divided  in  two  in  the 
middle  by  a  cove  indenting  it  on  the  southern  side. 


In  the  cliff  helow  the  lightliouse,  the  lowest  beds  seen  are 
an  arenaceous  limestone  (?) ,  a,  of  tiie  following  diagram,  — 


a  rock  so  hard  as  to  form  a  platform  below  the  clifF.  Over 
this  is  a  hard,  blue  shale,  b,  with  undeterminable  organic 
markings,  some  of  which  appear  to  be  the  scales  of  Teleos- 
tian  fishes.  This  is  again  overlaid  by  a  thick  bed  of  a  yellow- 
ish sandstone,  c,  rather  fine  in  texture,  and  sometimes  more 
or  less  shaly,  on  the  surfaces  of  some  of  tlie  layers  of  which 
there  are  obscure  impressions  of  plants.  This  sandstone  is 
harder  tlian  the  underlying  shales,  and  so  forms  an  over- 
hanging chff.  Tlie  sandstones  are  overlaid  by  a  bed  of 
basaltic  trap  that  oco\ipies  the  greater  part  of  the  surface  of 
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the    island,   as    is   seen   in  the    following   little   map,   in 
which  the  darkly  shaded  portion  represents  the  trap-bed. 


This  trap-lpd  is  dnided  by  numerous  jumU  into  polyhedral 
ma&spg  of  all  sizes  On  the  nppei  luiface  of  the  bed  these 
nnsseb  ha\e  lost,  bj  decomposition  one  concentric  coat 
alter  anotliei  untd  m  -,ome  cases,  they  have  been  rounded 
down  to  me^ulai  spheies  like  cannon  bills  nndthe  greater 
part  of  the  island  is  stiewn  with  these 
boulders  of  decomposition  I  hive  il 
leady  called  ittention  to  similar  bjul 
deis  at  Tijuci  The  trnp  of  Santa  ^ 
Barbira  is  traversed  by  but  few  \eins 
so  far  th  I  oould  see  the  only  mineral  thxt  I  could  find  be 
ing  chalcedonT  mcrustmg  cavities,  and  having  the  color 
and  general  appearance  of  Prenliite.  Cracks  and  crevices  are 
sometimes  filled  up  with  guano  and  phosphates  from  the 
dung  of  tlie  sea-birds  that  frequent  the  islands  ;  hut  I  saw 
no  regular  deposit  of  guano.  The  surface  of  the  rocks  is 
sometimes  covered  in  patches  by  an  incrustation  of  a  hard, 
brownish  substance,  which  I  have  supposed  to  have  been 
deposited  by  the  surface  waters,  and  to  have  been  derived 
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from  the  birds'  dung.  Darwin,  wlio  visited  the  islands  on 
his  celebrated  voyage  round  tlie  world,  also  speaks  of  it,  and 
describes  a  similar  substance  as  found  on  the  island  of 
Ascension,  and  on  St.  Paul's  rocks.*  The  same  geologist 
mentions  having  observed  a  columnar  structure  in  the  trap 
of  Santa  Barbara,  but  I  find  no  note  of  it  in  my  journal. 
The  underlying  stratified  beds  are  somewhat  altered,  and 
indurated  from  tlieir  proximity  to  tlie  trap. 

In  lithological  characters  the  Abrolhos  beds  resemble  the 
sandstones,  &q.,  of  tlie  Rio  Sao  Francisco  at  FenSdo,  to  be 
described  fartlier  on,  and  which  contain  similar  plant  re- 
mains. They  have  been  disturbed  by  the  same  upheaval, 
and  I  have  little  hesitation  in  referring  both  to  the  creta- 
ceous. 

If  my  identification  be  correct,  it  is  interesting  to  observe 
the  cretaceous  rocks  on  the  eastern  border  region  of  South 
America  disturbed  and  associated  with  volcanic  deposits,  for 
along  tlie  easteni  border  region  of  North  America  the  cre- 
taceous and  tertiary  rocks  have  suffered  no  disturbance.  I 
have  seen  no  trace  of  secondary  rocks  on  the  coast  oppo- 
site the  Abrolhos  and  to  the  soutliward.  On  the  Mucury 
and  elsewhere  tlie  tertiary  clays  are  everywhere  seen  to  rest 
inunediately  on  tlie  gneiss ;  but  tlie  submerged  border  of  the 
continent  seems  to  be  more  or  less  overlaid  by  cretaceous 
strata,  as  in  the  eastern  border  region  of  North  America. 

The  Ilha  Redonda,  lying  just  west  of  Santa  Barbara,  is 
composed  of  rocks  of  the  same  character  as  those  of  Santa 
Barbara,  but  I  observed  no  basalt.  Near  the  top  of  the  cliff, 
on  the  eastern  side  of  Redonda,  tliere  is  seen  a  thick  bed  of 
a  white  or  yellowish  material  which  looks  hke  chalk,  and  is 
easily  cut  with  a  knife  when  wet,  but  on  drying  it  grows 

*  Darwin,  Geological  Observations,  Part  U.  p.  33. 
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hai-der.  It  does  not,  however,  effervesce  with  acids,  and  it 
appears  to  be  an  aluminous  product  of  the  decomposition  of 
some  rock.  Mi'.  Henry  Hughes,  of  Cornell  University,  ex- 
amined, a  specimen  of  the  rock,  and  reports  it  as  containing 
quite  a  percentage  of  phosphoric  acid,  which  has  doubtless 
been  brought  into  the  rock  by  the  percolation  through  it  of 
Tain-water  from  the  dung-strewn  surface  of  tlxe  ground  above. 
The  otlier  two  islands  ai'e  composed  of  stratified  rocks  which 
appear  to  underlie  conformably  tliose  of  Santa  Barbara  and 
Redonda ;  but  I  was  unable  to  visit  them.  On  the  shores  of 
Santa  Barbara  I  found  fragments  of  pumice  scattered  about 
and  much  rolled  by  the  waves.  These  have  been  observed 
elsewhere  on  the  Brazilian  coast,  and  it  is  somewhat  puz- 
zling to  accoant  for  their  origin.  Darwin  found  pumice 
pebbles  on  the  coast  at  Bahia  Elanca,  in  tlie  southern  part  of 
the  Argentine  Republic ;  but  tliese,  he  says,  had  been  brought 
down  by  tlie  rivers  flowing  from  the  cordillera.* 

The  beaches  of  tlie  Abrolhoa  Islands  are  formed  in  part 
of  the  debris  of  the  rocks  comprising  die  islands,  but  tliey 
consist  largely,  and  in  some  places  entirely,  of  coral  and 
shell  sand.  It  is  very  interesting  to  see  how  these  materi- 
als are  cemented  together  through  the  action  of  the  sea 
water,  and  even  the  shingle  is  soldered  into  an  exceedingly 
firm  mass.f 

»  Dnvwiti,  Geological  Observations,  Pui't  III.  p.  4. 

t  I  lia.™  Eaen  the  eame  in  the  island  of  St.  Thomns,  W.  I,  Dai-win  sajs : 
"On  the  shores  of  Quail  Island  in  the  Cape  Venles  I  found  fragmenls  of 
brick,  bolts  of  lion,  pebbles,  and  lai^  fragments  of  basalt  united  by  a  scanty  base 
of  impure  calcareous  matter  into  a  firm  conglomerate.  To  show  how  exceedingly 
firm  thia  recent  conglomerate  is,  I  may  mention  that  I  endeavoreil  with  a  heavy 
geological  hammer  to  knock  out  a  thick  bolt  of  iron  which  was  embedded  a 
little  abo™  low-wator  mark,  but  was  qnite  unable  to  suooeed."  —  Geological 
Observations,  Tait  IT.  p.  ai. 
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On  the  island  of  Santa  Barbara  was  erected  a  few  years 
ago  an  excellent  lighthouse  with  a  flash  light,  and  the  only 
human  inhabitants  of  the  island  are  the  Hghtliouse-lceeper 
and  his  assistants.  A  few  goats  were  introduced  on  Santa 
Barbara  some  time  since,  which  have  multiplied  until  there 
is  now  a  flock  of  several  hundreds.  These  animals  have 
ahnost  tlepriTed  the  island  of  vegetation,  and  can  now  only 
barely  subsist.  Redonda  is  covered  with  coarse  grasses,  with 
dwarf  mimosas  and  a  few  ferns,  &c.,  —  a  very  meagre  flora. 
The  island  Siriba  boasts  in  addition  a  single  tree  of  the 
same  name,  together  with  two  dwarf  cocoa-palms  planted  by 
the  whalers  from  Caravellas.  The  land  animals  consist  of 
little  lizards  of  several  species,  which  are  extraordinarily 
abundant,  more  so  than  in  any  other  locality  I  ever  visited. 
An  immense  Mpg-ale,  the  Aranha  ca/rmiguejeira  of  the  Bra^ 
zilians,  abounds  in  like  manner,  living  under  stones,  but  I 
did  not  obser\'e  tliat  it  made  any  nest.  This  huge  spider 
preys  on  the  lizards.  It  has  been  known  to  attack  and  kill 
young  chickens  on  the  island  and  suck  their  blood,  and  it 
is  not  improbable  tliat  it  may  destroy  the  young  of  tlie 
sea-birds,  so  common  on  the  island. 

Breeding-places  for  sea-birds  are  few  along  the  Brazflian 
coast  north  of  Cape  Frio,  and  during  certain  seasons  of  the 
year  several  species  resort  to  the  Abrolhos  m  great  num- 
ber. Among  these  are  tlie  frigate-bird  ( Tachypetes  aqui- 
Hna),  the  Piloto,  the  Grazina  (^Phae'ton),  Beneditos,  gulls, 
&c.  Since  the  occupation  of  the  island  by  men  and  goats, 
and  the  establishment  of  the  Uglitliouse,  these  birds  have 
resorted  to  the  island  of  Santa  Barbara  less  abundantly  than 
formerly.  One  fact  witli  reference  to  tlie  frigate-bird  is 
worth  mentioning.  At  the  southwest  extremity  of  Santa  Bar- 
bara is  a  little  islet  composed  of  a  heap  of  large  trap  boiilders 
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of  decompoaition,  and  joined  to  the  main  island,  as  I  shall 
have  occasion  hereafter  to  remark,  by  a  frmging  coral  reef. 
This  islet,  whitened  by  the  bii-d-dung,  ia  called  "  O  Ceme- 
terio,"  or  the  cemetery.  I  was  assured  that  to  tliis  sepul- 
chral-looking  spot  the  frigate-birds  of  the  vicinity  resorted 
on  the  approach  of  death,  and  that  tlie  place  was  strewn 
witli  their  bones.  At  low  water  one  day  I  visited  ilia 
"  cemetery,"  and  I  found  such  to  be  actually  tlie  case. 
There  were  remains  of  hmidreds  of  these  birds,  some  freshly 
dead,  hut  tlie  most  of  the  skeletons  were  disarticulated  and 
bleached.  Nowhei-e  else  did  I  see  a  dead  frigate,  and  it 
would  seem  that  for  generation  after  generation  they 
had  gone  there  to  die.  I  do  not  know  of  a  better  station 
for  an  oraitliologist  desirous  of  studying  tlie  habits  and 
embryology  of  the  sea-birds  of  Brazil  than  the  island  of 
Santa  Barbara.  He  can  find  as  comfortable  lodgings  at  the 
lighthouse  as  he  could  possibly  desire,  and  he  may  at  tlie 
right  season  of  tlie  year  collect  as  many  specimens,  yomig 
and  adult,  of  tlie  birds  frequenting  the  island  as  he  may 
wish. 

Before  I  go  on  to  speak  of  the  coral  reefs  of  the  Abrollios 
and  vicinity,  a  few  remarlcs  on  the  fisheries  may  not  here 
be  out  of  place.  On  tlie  coast  of  Brazil  are  found  several 
species  of  whales  and  smaller  cetaceans,  but  tliese  animals 
have  not  been  carefully  examined  by  competent  naturalists, 
and  I  am  unable  to  give  as  accurate  an  accomit  of  tliem  as 
I  could  desire.  These  animals  are  captured  at  various  sta^ 
tions,  from  Santa  Catlierina  northward  to  Bahia.  At  pres- 
ent the  two  most  important  stations  are  Oaravellas  in  the 
Abrolhos  region  and  Bahia.  I  visited  the  Abrollios  during 
the  whaling  season,  and  during  my  cruise  I  saw  several  hump- 
backs (^Megaptera),  all  apparently  of  the  same  species ;  but 
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I  was  not  so  fortunate  as  to  see  a  fresh  specimen  brought 
iu.  I  made  tlie  most  dihgent  inquiries  of  the  fishermen  in 
relation  to  the  different  kinds  they  were  accustomed  to  take, 
but  tliey  seem  to  confound  tlie  species,  and  I  could  obtain 
nothing  very  satisfactory  from  tliem. 

Prom  all  that  I  could  leai'ii,  three  species  are  taken  in 
the  vicinity  of  tlie  Abrolhos.  The  noruega  is  a  humpback, 
wliich  has  the  belly  white  and  smooth,  back  very  dai-k 
bluish,  leiigtli  fifty  to  fifty-five  feet. '  This  whale  gives  more 
oil  thair  tlie  mysti^a,  which  the  whalers  said  diifered  from 
the  above  in  having  the  back  black,  and  tlie  belly  and  throat 
furrowed.     Sometimes  tliey  have  white  spots  on  tlie  sides. 

The  capeld  (oachelot)  is  distinguished  by  being  wholly 
dark  colored  or  black,  and  without  spots  or  furrows.  The 
fishery  begins  at  Bahia,  according  to  Castelnau,*  about  tlie 
13tb  of  June,  and  lasts  until  tlie  21st  of  September.  At 
Caravellas  I  was  assured  that  the  whales  always  appeared 
later  than  at  Bahia,  and  the  fishery  does  not  begin  until 
the  last  week  in  June.f  continuing  tlirough  the  month  of 
September.  This  seems  strange,  shice  the  whales,  ac- 
cording to  the  fishermen,  come  from  the  south  in  June, 
and  return  in  September,  and  one  would  naturally  expect 
that  tliey  would  arrive  at  tlie  Abrolhos  before  tliey  arrive 
at  Baliia.  The  first  whales  appear  in  fclie  Abrollios  waters 
at  about  the  end  of  May,  and  they  linger  until  October. 
The  females  often  bring  young  calves  with  them,  and  ap- 
pear to  seek  the  shelter  of  the  reefs.  Tlie  head-quarters  of 
the  Abrolhos  fishery  is  at  Caravellas,  or  rather  at  the 
mouth  of  the  river  Caravellas,  where  are  situated  the  ar- 
,  or   trying-houses.     In   the  year  1867   there  were 


«  Expedition  dims  I'Am^m  du  Sud,  Tome  I,  p.  1 
t  So  also  Von  Tschudi. 
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employed  in  tliis  fishery  seventeen  launches.  These  ves- 
sels are  large,  well-made,  piiik-sterned,  open  boats,  carry- 
ing one  large  square  sail.  The  same  build  of  lamich  is  used 
at  Baliia,  and  they  are  very  good  sailers.  One  of  these 
launches  costs,  the  hull  alone,  ahout  500  $  000  ($  250,  more 
or  less).*  The  crew  consists  of  from  foui-teen  to  sixteen 
persona.  Each  launch  takes  in  tow  a  whale-boat.  Tliese 
are  of  the  ordinary  build,  and  cost  about  2§0  $  000.  Tlie 
crew  of  {lie  boat  consists  of  seven  men,  —  a  harpooner  and  a 
steersman,  the  rest  being  rowers.  The  iauucli  and  boat 
usually  belong  to  one  person,  who  hires  the  crew  for  the 
season,  or  safra,  furnishing  them  rations  every  ten  days. 
"When  a  large  whale  is  captured  the  harpooner  receives 
120  i  000,  but  if  small  only  half  tliat  sum.  The  steersman 
receives  half  the  prize  money  of  tlie  harpooner,  the  rowers 
each  24)1000  if  tlie  whale  be  large,  and  12tOOO  if  small. 
The  master  of  the  launch  receives  40  $000  if  large,  20  $000 
if  small,  and  the  crew  16  ^  000  if  large,  8  $  000  if  small. 
The  dead  whale  ia  towed  in  to  land  by  the  launch,  aided  by 
the  boat  if  necessary.  The  distance  is  often  great,  and 
when  the  wind  is  adverse  the  whale  often  comes  to  land  in 
a  wretched  condition,  and  frequently  badly  mangled  by 
sharks,  which  abound  in  these  waters.  A  small  tug  would 
be  of  much  service  in  this  fishery,  not  only  to  bring  tlie 
whales  promptly  to  the  shore,  but  occasionally  to  tow 
the  launches  in  ca«e  of  a  head  wind.  The  whales  are 
brought  to  tlie  shore,  beached  in  front  of  the  trying-houses, 
and  cut  up.  There  are  several  of  these  trying-houses. 
The  one  that  I  visited  was  well  constructed,  and  was  fur- 

•  The  reader  will  please  bear  in  mind  that  the  1 3  000  or  mil-rcis  (not  mil- 
rei,  aa  foreigners  will  call  it),  has  an  npprosimate  value  of  about  fifty  cenla 
American  curroiii^. 
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nisheil  with  five  cutting-tanks,  which  would  accommodate 
the  blubber  of  two  large  whales,  together  with  ten  tanks 
for  oil  having  a  capacity  of  about  15,000  gallons.  There 
were  twenty-six  trying-pots. 

The  arma^oes  are  hu'ed  by  the  owner  of  the  launch  cap- 
turing the  whale,  who  famishes  the  men  necessary  for  the 
cutting  up  and  trying  out.  The  large  females  accompanied 
by  young,  madrijos,*  are  very  fat,  and  are  the  most  valuable 
prizes.  There  are  killed  every  year  and  cut  up  at  the  Ponta 
da  Bal^a  from  thirty  to  ninety  whales ;  but  were  the  fisheiy 
p  s  ed  m  re  ^  o  ly,  witli  proper  economy  of  time  and 
th  us  fas  ill  eteam-tug  or  two,  the  yield  might  be 
n  ore  tl  a  louU  d  I  learn  tlirough  M.  Bornand,  of  Villa 
"\  9  sa  thit  a  CO  pa  y  has  been  formed  at  that  town  for 
tl  e  p  0  e  t  on  of  tl  e  fishery.  A  good-sized  whale  ought  to 
afford  1,000  to  1,600  canadas  of  oil,  the  Canada  containing 
about  ten  bottles,  or  one  and  eight  ninths  gallons,  the  large 
whalea  giving  much  more.  The  oil,  whose  quality  might, 
it  seems  to  me,  be  improved  by  more  care  in  the  trying  out, 
sells  on  the  spot  at  from  1  $  600  to  3  $  000  per  canada. 

The  whalebone  is  short,  but  sells  well,  but  I  have  omitted 
to  note  the  price  it  brings.  The  beach  on  which  the  whales 
are  cut  up  is  covered  during  the  season  by  huge  masses  of 
rotting  flesh,  and  is  strewn  with  bones.  Tliere  must  be 
on  the  spot  the  bones  of  over  500  whales.  These,  with 
the  flesh  and  the  refuse  from  tlie  trying-pots,  would,  prop- 
erly and  scientifically  prepared,  make  an  excellent  manure, 
which,  if  judiciously  applied,  would  go  far  towai'ds  re- 
juvenating the  soils  of  the  plantations  of  the  vicinity,  which 
are  rapidly  becoming  exhausted.  At  present  it  seems 
ridiculous  to  hear  the  complaints  of  the   planters,  while 

*  Madiijas  9     I  do  not  fiai]  the  word  in  i'onsccii. 
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hundreds  of  tons  of  the  most  valuable  kind  of  manure  are 
left  to  rot  on  the  aands  or  are  poured  into  the  sea !  Tlie 
Abrolhos  region  is  rarely  viaited  by  whalers,  though  I  was 
informed  that  an  American  vessel  some  nine  yeai^  ago 
spent  a  season  on  the  graund,  taking  twenty  whales. 

Tlie  fishery  at  Eahia  is  cai-ried  on  on  a  much  larger  scale 
than  at  Caravellaa.  Castelnau*  estimated  in  1850  that  it 
gave  occupation  to  2,000  persons,  and  from  100  to  120 
boats,  giving  a  revenue  of  200,000  franca.  The  same  autlior 
estimated  that  on  tlie  whole  coast  of  Brazil  from  10,000  to 
12,000  persona  were  engaged  in  tliis  fishery,  and  that  it 
produced  a  capital  of  1,000,000  francs,  but  it  seems  to  me 
that  tliat  estimate  would  be  far  too  high  for  tlie  present 
time.  Castelnau  speaks  of  tlie  fact  that  whale-flesh  is 
used  as  food  by  the  lower  classes  in  Bahia,  and  I  saw 
it  exposed  for  sale ;  but  Dr.  Antonio  de  Lacerda  assui-ed 
me  that  it  was  not  heaJtliy,  and  tended  to  produce  ele- 
phantiasis, Castelnau  states  that,  according  to  the  fisher- 
men, the  whales  enter  the  bay  every  morning,  but  always 
return  to  the  open  sea  to  spend  the  night,  and  I  heard 
the  same  report.  Wliales  are  frequently  taken  very  neai' 
tlie  city,  and  one  may  sometimes  enjoy  the  rare  sight  of 
sitting  at  a  restaurant  in  the  upper  city  and  watchmg  the 
chase  and  capture  of  a  whale  in  the  bay  below  ! 

The  other  fishery  carried  on  in  the  waters  of  the  Abrolbos 
is  that  of  the  garoupa,  an  excellent  fish  exceedingly  abun- 
dant, and  taken  witli  the  hook  and  line.  The  head-quarters 
of  this  fishery  is  at  Porto  Seguixi,  a  town  some  seventy 
miles  to  the  northward  of  the  Abrolhos.  At  this  town  is 
owned  a  fleet  of  thirty-live  or  forty  small  vessels,  each  car- 
rying fi'om  seven  to  ten  men.     The  fishery  really  extends 

*  E-xpifditim  dans  i'Aia^n'que  da  Sud.     Histoire  da  Voyage.     Tomo  I.  p.  152, 
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from  Barra  Secca  northward  to  the  Commandatuba,  but  the 
best  grounds  lie  between  lat.  17°  and  18°  S.  The  cruise  is 
usually  for  twenty-five  or  thkty  days.  The  fish  taken  are 
principally  garoupas,  but  there  are  also  several  other  kinds, 
such  as  tlie  meiro,  vermelho,  &c.  The  fish  are  salted  down 
in  the  hold,  but,  owing  to  the  heat,  they  arrive  almost  iii- 
yariably  with  a  very  strong  and  disagreeable  odor.  Tliey 
are  dried  on  shore  and  sent  to  Bahia.  The  yearly  product 
of  this  fishery  is  from  160,000  to  200,000  arrobas  (2,560  to 
3,200  tons).  The  ga/roupa  is  a  delicious  fish,  and  with 
proper  care  might  be  prepared  so  as  to  be  quite  equal 
to  the  cod.  The  names  of  the  fish  taken  in  the  vicuiity 
of  the  Abrollios,  and  which  ai-e  used  for  food,  are  legion, 
and  among  tliem  are  some  of  the  most  delicious  of  mar 
rine  fish.  The  Abrolhos  Islands  offer  an  excellent  station 
for  drying  and  curing  fish,  and  there  has  been  some  talk 
of  establislujig  there  the  bead-quarters  of  a  company  to 
carry  on  tliis  fishery.  Immense  quantities  of  codfish  are 
now  sent  to  Brazil,  together  with  European  sardines  and 
canned  fish  from  Poi-tugal,  and  every  venda  is  full  of  them. 
Some  enterprising  American  should  form  a  company  for  tlie 
development  of  tliis  fishery.  The  Brazilian  fish  are  SiS, 
cheaply  obtained  as  the  Portuguese,  they  are  nowhere  to 
be  excelled,  and  Brazil  ought  to  be  exporting  her  delicious 
fishes,  canned,  or  otherwise  prepared,  to  Europe,  besides 
supplying  her  own  market.  The  government  would  favor 
any  undertaking  of  tlie  kind  proposed,  and  tliere  arc  wealthy 
Brazifians  who  would  aid  in  canying  it  out. 

In  works  on  Brazil,  from  those  of  the  old  explorers  to  the 
present  time,  wo  find  tlie  uniform  statement  that  a  reef  or 
consolidated  beach,  like  that  of  Pernambuco  or  Barra  Secca, 
extends  around  the   greater  part  of  tlic   Brazilian  coast. 
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There  has  been  much  confusion  as  to  what  this  reef  really 
was,  some  describing  it  as  of  coral,  others  as  composed  of 
sandstone,  but  in  scientific  works  it  is  generally  stated  tljat 
no  coral  reefs  exist  on  the  coast  of  Brazil. 

I  am  not  sure  who  first  expressed  the  opinion  that  the 
stone  reef  surrounded  a  large  part  of  tlie  coast,  but  I  iind 
it  in  Piso,  whose  first  volume  beara  date  1648.*  Since 
his  time  this  general  reef  has  been  described  over  and  over 
again  almost  in  the  same  words,  and  it  is  even  occasionally 
to  be  found  laid  down  on  maps. 

Prince  Mas.  zu  Neu  Wied  has  nothing  to  say  concerning 
the  trae  coral  reefs,  and,  strangely  enough,  he  does  not 
describe  the  Porto  Seguran  or  Santa  Cruz  consolidated 
beaches,  notwithstanding  he  gives  drawings  of  both.  Von 
Mai'tius,!  however,  observed  coral  banks  at  Camamii  and 
near  Ilh^os,  and  referred  some  of  the  corals  to  Lamarckian 


Darwin,  who  just  touched  at  the  Albrohos,  observed 
corals  growing  on  the  shore,  but  lie  did  not  see  the  reef.  In 
liis  Geological  Observations  $  he  says :  "  Round  many  inter- 
tropical islands,  —  for  instance  the  AbroUios  on  the  coast  of 
Brazil,  surveyed  by  Captain  Fitz  Roy,  and,  as  I  am  informed 
by  Dr.  Cmnming,  round  the  Philippines,  —  the  bottom  of  the 
sea  is  entirely  coated  by  irregular  masses  of  coral,  which,  al- 
though often  of  large  size,  do  not  reach  the  surface  and  form 
proper  reefs."    Darwin  speaks  also  of  having  received  infor- 

*  Piso  aajs  :  "  Maximam  BrnsilisB  paftem,  nnno  interrupts  nnno  continuato 
ducto  taEtnB.  Ejus  latitndo  planissima  est  et  quasi  arte  in  Eupevfieii  levigata  ad 
Tiginti,  aubinde  trigiiita  passus  et  ultra  se  extendit.  Tanfce  vero  allitndints  ut 
vix  summo  jestw  inunditur." —  Hist,  Nat.  Braailim.  Guilielmi  Pisouis,  M.  D. 
de  Med.  Brasil.    Liber  primus.     16i8. 

i  Rcise  mtlt  BradUen,  Band  II.  Seite  684,  685. 

t  Parti,  p   58. 
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niation  of  the  coral  reef  at  Macei^,  which  further  on  I  shall 
describe ;  aud  in  another  place  in  the  same  work,  referring 
to  tlie  Pilote  du  BrSsil,  by  Bai'on  Roussm,  a  work  I  have 
never  seen,  he  saya  :  "  A  few  miles  soutli  of  the  latter  city 
[Pemambuco]  Uie  reef  follows  bo  closely  every  turn  of  the 
shore  that  I  can  hardly  doubt  that  it  is  of  coral."  Dana 
also  says  :  *  "  About  Pemambuco,  as  I  am  informed  by  Mr. 
Titian  R.  Peal,  there  are  some  patches  of  growing  corals, 
and  ihey  are  said  to  extend  along  to  20°  or  21°  south  lati- 
tude," which  is  not  quite  correct,  as  we  shall  see  further  on. 
Staff-Commander  Penn,f  in  treating  of  Cape  Sao  Roque, 
says  that  "  the  coast  of  Pititinga  and  the  Cape  is  skii-ted 
by  a  reef  which,  between  two  and  two  and  a  half  miles 
eoutJiwai'd  of  the  former,  in  front  of  two  small  villages,  forms 
a  curve  with  its  outer  edge  and  runs  thence  a  mile  from  the 
shore,  having  two  and  three  quarters  fathoms  of  water  inside 
of  it."  These  reefs  are  represented  on  the  map  of  Rio 
Grande  do  Nortie  by  Almeida,  and  they  appear  to  be  coral 
reefs.  Penn  speaks  of  other  reefs  between  the  Puiiahu  and 
tlie  Touro  which  are  of  the  same  character.  A  little  farther 
on  :f  he  says  :  "  The  recife,  a  singular  ridge  of  coral  rock, 
borders  the  coast,  generally  at  a  distance  of  about  a  half  to 
three  miles,  but  in  some  places  much  farther  off,  and  ex- 
tends more  or  less  from  the  northeast  part  of  Brazil  as  far 
as  Bahia.  Traces  of  it  may  be  found  farther  southward 
and  along  the  north  coast  to  MaranhSo.  The  reef,  which  is 
about  sixteen  feet  in  breadth  at  tlie  top,  slopes  to  the  sea- 
wai-d,  is  perpendicular  on  the  shore,  and  said  to  be  generally 
covered,  but  sometimes    rises   from   distance   to   distance 

*  Coral  Keefs  and  Islands,  p.  108. 

t  South  American  Coast  Pilot,  Vol.  I.  p.  23. 

%  Op.  cit.  p,  25. 
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nearly  three  feet  out  of  water.  It  is  nearly  always  bordered 
by  rocky  banks,  and  forma  a  natural  breakwater,  having 
smooth  water  and  shallow  inside  of  it,  with  navigable  chan- 
nels for  coasters,  &c.  It  is  broken  occasionally,  and  forma 
by  the  openings  entrances  to  the  greater  part  of  the  ports, 
rivers,  and  creeks  on  the  coast."  Now  such  a  description 
could  never  have  been  written  by  any  intelligent  seaman 
who  had  examined  the  coast.  It  is  Piso's  account  of  the 
recife  told  over  again,  and  it  is  the  more  erroneous  since  it 
gives  more  detail. 

Gardner  not  only  mistook  the  structure  of  the  Pemam- 
bucan  stone  reef  or  consolidated  beach,  but  he  describes  the 
mythical  coast  reef  in  the  same  general  terms.  So  no 
wonder  tliat  the  whole  structure  and  character  of  the  coast 
roefa  of  Brazil  have  remained  a  puzzle  to  the  geologist  and 
the  geographer,  and  tliat  it  has  been  a  serious  question  as  to 
what  the  Abrolhos  reefs  really  were,  one  author  declaring 
tliat  they  were  formed  of  decomposed  gneiss !  The  fact  is, 
that  tlie  reefs  of  Brazil  are  of  (.wo  kinds,  the  coral  reefs 
and  the  consolidated  beaches,  which  last  are  occasionally 
separated  from  the  coast  line,  and  sometimes  run  across 
the  mouths  of  rivers,  m  at  Porto  Seguro,  Pernambuco,  &c., 
like  narrow  rock  walls  resembling  artificial  breakwaters. 
These,  so  far  as  I  have  observed  or  can  learn,  are  never 
found  at  any  great  distance  from  tlie  shore,  neither  are  they 
continuous  over  any  gi-eat  distances.  Tlie  Brazilian  calls 
them  recifes.  Tliat  at  Pernambuco,  owing  to  the  great 
trade  with  that  port,  has  become  famed,  and  many  travel- 
lers have  seen  it  and  been  puzzled  over  it. 

From  the  Abrolhos  northward  to  tlie  shore  of  MaranhSo, 
at  very  irregular  and  often  very  long  intervals,  are  scat- 
tered true  coral  reefs,  which  lie  in  patches  at  a  short  dis- 
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tancc  from  the  shore,  tliere  being  usually  navigable  channels 
between  tlicm  and  the  mainland.  It  is  very  rare  that  one 
of  these  reefs  is  dry  other  than  at  very  low  tide,  and  the  sea 
constantly  breaks  on  its  outer  edge.  These  reefs  are  known 
by  the  Brazilians  as  rectfes*  Coral  and  coral-rock  are 
called  pedra  de  cal,  or  limestone.  The  whole  confusion  has 
evidently  arisen  in  this  way  ;  A  traveller  has  visited  Peniam- 
buco,  and  has  seen  tlie  reef.  He  hears  it  called  the  recife, 
and  ie  told  that  the  coast  of  Brazil  is  bordered  by  reeifes. 
On  his  way  up  or  down  the  coast  he  sees  from  time  to  time 
the  sea  breaking  against  the  coral  reefe  in  a  long  line  of  surf. 
His  pilot  tells  him  that  is  tlie  recife.  He  perhaps  s^ka  if  it  is 
made  of  coral;  but  this  word  in  Brazil  is  almost  exclusively 
applied  to  tlie  precious  red  coral  (^CoraUium  rubrum),  and 
tlie  pilot  says,  "  No,  it  is  made  of  pedra,  or  pedra  de  cal" 
Some  of  the  coral  reefs  are  laid  bare  at  low  water,  but  their 
great  width  is  not  visible  from  the  deck  of  a  ship  sailing  at 
a  distance,  and  they  look  like  walls.  So  the  coral-reefs  of 
Brazil  have  come  to  be  confoxmded  witli  the  consolidated 
beaches ;  indeed,  I  should  never  have  suspected  the  real 
character  of  tlie  coral  reef  of  Santa  Cruz,  close  to  which  I 
passed  in  a  steamer,  had  it  not  been  that  1  had  previously 
examined  the  coral  reef  at  Porto  Seguro.  It  seemed  a  low, 
narrow  wall,  and  there  was  nothing  that  I  could  elicit  from 
the  pilot  or  captain  that  would  have  led  me  to  suppose 
that  it  diiFered  from  tlie  inner  consolidated  beaches  at  Porto 
Segnro  or  Santa  Cruz. 

I  made  my  first  acquaintance  with  the  coral-reefs  of 
Brazil  while  at  Porto  Seguro,  in  1866.     I  had  been  for 

«  This  Avonl,  as  I  shnll  show  furthei-  on,  is  derived  from  the  Arnhio  word 
rasif,  which  means  literaily  a  payement.  Sometimes  fhu  form  mredfe  la  used. 
Compare  reef,  Eng,,  rijf,  Germ.,  and  rgaif,  French.     See  Brtife  in  Index. 
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.  daja  collecting  on  the  stone-reef  or  consoliclated 
beach,  before  I  heard  of  the  outer  reef.  There  was  notliing 
tliat  I  could  learn  from  the  fishermen  tliat  could  waiTant 
me  in  considering  it  as  anytliing  else  than  a  consolidated 
beach ;  but  my  studies  of  the  latter  class  of  reefs  had  satis- 
fied me  tliat  the  outer  reef  could  not  possibly  be  of  that 
character,  and  when,  on  a  spring  tide,  I  visited  it,  in  com- 
pany with  Mr.  Copeland,  I  was  not  astonished  to  find  it 
composed  of  coral.  On  that  short  visit  I  collected  all  the 
principal  corals  found  on  tlie  coast,  and  made  out  quite 
satiBfactorily  tlie  general  structure  of  the  reef,  and  of  the 
chapeirSos  which  surround  it.  I  soon  felt  satisfied,  from  all 
that  I  could  learn  from  tlie  garoupa  lishermen,  that  the  Ab- 
rolhos  rccifes  were  true  coral  reefs,  and  my  companion  and 
I  were  on  the  point  of  visiting  them  when  we  received  let- 
ters from  Professor  Agassiz,  desiring  us  to  come  immedi- 
ately to  E.io,  to  return  home  with  the  expedition. 

At  Eio  I  found  Mouchez's  chart  of  the  Abrolhos,  on 
which  is  a  note  describing  the  i-eefs  of  the  Abrolhos  so 
clearly  as  to  leave  no  doubt  as  to  their  being  immense  coral 
reefs.  In  order  to  settle  tlie  question  I  returned  to  Brazil 
the  nest  summer,  and  went  over  the  reef  grounds  of  tlie 
Abrolhos  as  thoroughly  as  my  time  and  the  shm  means  I 
could  command  would  allow.* 

The  coa^t  of  Brazil,  north  of  Cape  Frio,  has  quite  a  rich 
polyp-faima,  but  very  few  of  tlie  madreporian  polyps  cross 
the  soutliem  tropic.  The  Bay  of  Rio  offers  only  insignifi- 
cant representatives  of  that  order.  All  the  specimens  I 
could  obtain  were  Aatrangise,  growing  in  small  scattered 

*  I  fegret  exeeedinglj'  that  I  have  not  yet  been  able  to  use  tlic  dredge  on  the 
Brazilian  wast ;  bat  I  hopo  that  raj  studies  of  Nature  in  the  tropics  are  only 
the  preface  to  more  thorough  and  detailed  exploiations  in  the  future. 
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cells,  on  stones  and  dead  shells  in  the  shallow  water  off  the 
Ilha  do  Grovernador.  Professor  Agasaiz  tells  me  that  a  fine 
species  of  Pontes  had  been  collected  at  Rio,  and  he  also 
informs  me  tliat  corals  have  been  found  at  Desterro,  in  t!ie 
bay  of  Santa  Catharina*  a  locality  which,  though  estrar 
tropical,  so  far  as  latitude  is  concerned,  is  not  really  so  in 
the  character  of  its  climate.  Many  species  of  Actinias  are 
found  in  the  harhor  of  Eio,  together  with  one  species  of  that 
curious  locoraotiTe  halcyonoid,  Renilla  (S.  Danes  Verrill). 
On  the  masonry  of  the  new  Custom-House  docks  at  Eio  I 
collected  in  abundance  a  slender,  branching,  tender,  nodose 
halcyonoid  undetermined. 

As  wo  go  northward  from  Cape  Frio  the  madreporians 
become  quite  common  on  tlic  rocky  shores,  though  the  spe- 
cies are  not  numerous,  and  they  are  associated  with  species 
of  Millepora,  Zoanthus,  and  Pafythoa,  and  various  gorgo- 
nians.  I  have  already  called  attention  to  the  coral  fauna 
of  Guarapary  and  Victoria,  and  I  have  stated  that  1  have  no 
evidence  of  the  existence  of  any  banks  of  living  corals  or 
reefs  south  of  the  region  of  tlie  Abrolhos.  Here  the  condi- 
tions for  the  growth  of  coral  reefs  on  a  large  scale  are  re- 
markably favorable.  Over  large  areas  the  water  covering 
the  great  submarine  shelf,  on  which  the  islands  are  based, 
is  much  under  one  hundred  feet  in  depth,  and  it  is  warm 
and  pure.  So  it  is  not  to  be  wondered  at  that  very  large 
coral  reefs,  both  fringuig  and  ban'ier,  are  found  here.. 

When  the  tide  goes  out  tliere  is  seen  extending  round 
about  one  half  the  circumference  of  tlie  island  of  Santa 
Barbara  a  fringing  reef,  shown  in  the  little  map  on  page 
ITT.f     One  may  tlien  walk  out  on  its  level  surface  as  on  a 

*  Collected  by  Mr.  F.  Miillef. 

?  This  reef  is  also  represented  in  the  ont  on  p,  17S. 
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wharf,  and  from  its  ragged  edge  look  straight  down  through 
the  limpid  green  water  and  see  the  sides  of  tlie  reef  and  the 
sea  bottom  covered  with  huge  wliitiah  coral-heads,  together 
with  a  wealth  of  curiona  things  not  to  be  obtained  without 
a  dredge. 

The  sm'face  of  the  reef,  tliough  flat,  is  somewhat  irregu- 
lar. It  rises  but  a  short  distance  above  low-water  mai'k, 
and  it  is  overgrown  with  barnacles,  shells,  mussels,  and 
serpular-tubea,  togetlier  with  large  slimy  patches  of  the 
common  leatlier-colored  Palytlioa.  Tlie  reef  abounds  in 
small  pools,  some  shallow  and  sandy,  others  deep,  rocky, 
and  irregular.  The  former  often  contain  scattered  masses 
of  corals,  particularly  Siderastresa  and  Favta,  and  they 
abound  in  small  shells,  crabs,  OpMurts,  &o. ;  but  the  deep 
pools  are  the  richest  in  life.  Tliese  are  usually  heavily 
draped  on  the  sides  with  brilliantly  tinted  sea-weeda  and 
coralluies,  the  hare  rock  being  gay  witli  bryozoa  and  hy- 
droids.  The  most  common  coral  of  these  pools  is  Sider- 
asirwa  stellata  Verrill.*  This  is  a  coral  growing  in  round- 
ed or  hemispherical  masses  with  small  cells.  Professor 
TerriU  states  tliat  it  "  difiers  from  S.  radians  in  having 
larger  cells,  which  appear  more  open ;  thumer  septa,  and 
consequently  wider  intervening  spaces ;  and  four  complete 
cycles  of  septa."  This  coral  rarely  ever  forms  masses  more 
than  six  niches  in  diameter,  though  I  have  collected  speci- 
mens 8-12  inches  in  length.  Its  color  when  alive  varies 
much.  Usually  it  is  of  a  very  pale  pinkish  tint,  almost 
wliite,  and  it  is  not  mi&equently  blotched  with  deepened 
spots  of  the  samo  color. 

It  is  often  seen  growing  in  tide-pools  in  the  reefs  and 
rocks,  with  only  just  water  enough  to  cover  it.    On  tlie  stone- 

»  Trans.  Conn.  Atad.,  1868,  p.  353. 
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reefs,  as  at  Gnarapary  and  Porto  Seguro,  it  is  often  seen  in 
the  pools  exposed  for  several  houra  to  tlie  fall  blaze  of  the 
sun,  and  of  course  liable  to  great  and  aitdden  changes  of 
temperature.  Tliese  pools  are  also  likely  to  be  very  much 
freshened  by  heavy  showers  while  the  tide  is  down.  Near 
Bahia  I  have  seen  it  growing  in  tide-pools  above  sea  level, 
and  to  which  the  waves  had  access  only  at  high  tide.  It 
seema  to  stand  exposure  to  the  air  with  impunity ;  for  on 
the  reef  at  Porto  Segm-o  I  have  observed  it  exposed  to 
a  hot  sun  for  an  hour  or  more  during  a  spring  tide.  It 
is  no^  confined  to  the  tide-pools,  but  occurs  also  on  tlie 
submerged  border  of  the  reef,  where  I  have  collected  it  in 
a  depth  of  3  -  4  feet  at  low  tide.  This  species  appears  to 
i-ange  from  Cape  Frio  northward  beyond  Peniambueo. 
Professor  Verrill  has  separated  under  the  name  var.  con- 
ferta  what  appears  to  be  a  variety,  and  which  is  distin- 
guished by  having  in  the  central  portion  cells  deformed 
tlirough  crowding.  These  cells  are  iitegular,  and  deeper 
than  the  noi'mal  ones  neai-  tlie  basal  margin.  Their  septa 
and  dividing  walls  are  more  elevated  and  convex,  and 
sometimes  adjacent  cells  are  united  by  the  breaking  down 
of  these  walls.  Usually  with  Siderastrcsa  occur  two  spe- 
cies of  Favia,  —  F.  gravida  Yerr.  and  F.  conferta  Verr. 
The  former—  a  solid,  heavy  coral  sometimes  flattened,  and 
incrusting  stones  or  dead  coral,  sometimes  in  round  masses 
rarely  more  than  three  or  four  inches  in  width — is  allied  to 
F.  Ananas  and  F.  Fragum  of  the  West  Indies;  but  Profes- 
sor Yerrill  shows  that  it  has  more  spiny  costEe  than  eiUier 
of  those  species,  while  the  septje  are  narrower  and  sharper. 
The  other  species,  F.  conferta,  fonns  small  hemispheri- 
cal masses  of  about  the  same  size  as  in  tlie  former  species. 
It  is  interesting  because  of  its  affinity  to  Goniadraia,  while 
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it  stands,  according  to  Professor  Verrill,  in  some  respects 
intermediate  between  the  genera  Favia  and  Mmandrina. 
A  hemispherical  or  ahnost  globular  coral  with  large  cells, 
Acanthastrtsa  BrasiUensis  Verrill,  ■which  is  common  on 
tlie  border  of  the  reefs  below  low-water  mark,  is  rarely 
ever  found  in  the  tide-pools,  though  I  have  occasionally 
collected  it  from  the  deeper  ones.  On  the  edge  of  the  reef 
it  gTows  to  a  very  large  size.  The  color  is  a  pale  gray, 
when  seen  in  the  water.  This  is  one  of  the  corals  most 
inetruinental  in  building  up  the  reefs.  Occasionally  an  Ag-a- 
ricia,  closely  allied  to,  if  not  identical  with,  tlie  West  Indian 
A.  AgaricUes  Edw.  and  Haime,  is  found  in  oiie  of  the  little 
pools.  It  is  a  thin,  spreading  coral,  attached  by  one  side, 
and  resembles  tlie  flat  woody  fungi  growing  on  dead  timber 
or  the  stumps  of  trees,  Tliis  species  often  occurs  almost 
at  the  water  leyel.  At  Villa  Velha,  and  elsewhere,  it  is 
found  attached  to  Muss<s.  It  appears  to  extend  along 
the  whole  coast  between  Victoria  and  Cape  Sao  Roque. 
The  above  are  the  principal  madreporian  corals  found  in 
the  tide-pools.  I  have  only  rarely  observed  millepores 
growing  in  the  pools,  and  these  either  in  the  deeper  or  the 
broad,  sandy-bottomed  ones  on  the  reef,  Tlie  only  species 
was  M.  Braziliensis  Verrill,  a  species  easily  recognized 
among  the  Brazilian  milleporee  by  the  pecviliar  form  of  its 
branches,  which  Professor  Veriill  has  described  as  "  erect, 
angular,  or  flattened,  or  forming  broad,  convoluted,  and 
folded  rough  plates,  witli  acute  edges  and  summits ;  the 
sides  covered  with  sharp,  irregular,  angular,  crest^haped, 
and  conical  prominences  varying  much  in  size  and  elevation, 
often  becoming  confhiuous  ridges,  usually  standing  at  right 
angles  to  the  sides  of  the  brandies."  Professor  Ven-ill 
suggest.^  that  this  may,  after  all,  be  only  a  variety  of  his  31. 


d  by  Google 


196  GEOLOGY  AND  PHYSICAL   GEOGEAPHY. 

■nitida,  but  I  have  never  seen  any  intermediate  forms. 
This  M.  BrazUiensis  sonietimea  grows  to  quite  a  large  size, 
and  it  ranges  along  tlie  whole  coast  from,  the  Abrolhos  to 
Pernambuco.  On  the  submerged  border  of  this  reef  occur 
the  beautiful  species  of  Mussa  and  SymphylUa,  with  which 
Professor  Verrill  has  associated  my  name.* 

While  at  Santa  Barbara  the  weather  was  luifavorable  for 
an  examination  of  the  reef  below  low-water  mark,  and  my 
collections  were  principally  made  from  the  surface  of  the 
reef  and  from  the  tide-pools. 

Of  gorgoniana  I  collected  tlie  same  species  q&  I  found 
at  Victoria,  namely,  Hymenogorgia  quercifolia,^  Eunicea 

*  Mussa  Harltii  Veirill  is  distinct  from  ail  others  in  ita  regular  cells  and 
its  costre,  wMcli  are  furnished  with  strong,  sharp,  and  recnrved  spines.  It 
gi'oivs  in  great  abundance  on  the  snbmei'ged  boi'dcr  of  the  reefe  in  3  -  6  feet 
water  at  low  tide,  forming  beautiful  hemispherical  bouquets  a  foot  or  two  in 
diameKr.  The  color  of  the  coral  when  aJive  is  pale  wMtish.  It  is  vei7  fia- 
gile,  and  seems  to  prefer  shellenjd  localities,  and  I  do  not  believe  that  it  grows 
on  the  onisiila  border  of  the  reefe,  wliich  is  exposed  to  the  heavy  surf.  It  occurs, 
also,  at  Pernambuco,  Porto  S^uro,  and  elsewhere.  With  it  is  found  another 
form,  which,  though  closely  resembling  it.  Professor  Veriill  considers  to  he 
genericully  distinct,  and  has  called  S^taphi/Uia  Harltii,  giving  the  same  specific 
m  b      d  all  p  ove  to  be  identical  with  the  above. 

Th    B        ogorgi  ceedmgly  abundant  on  the  Brazilian  coast,  repre- 

h    Bra  po  yp-      na  the  Shipidogargiie  of  the  West  Indian 

na     P       'iso   V  rr      d  sen        it  as  follows ;  "  It  foi-ms  broad,  fan-shaped 

d  w  h   h  a  d      fbot  broad,  consisting  of  broad,  foliaceous 

b  tin  mb     t      ^  <^  ^  '"  ^'^'"^  i  I*"' "'  other  times  large,  oval, 

a.  d   rreg  ise         p    m  The  branches  of  the  axis  are  slender  and 

dddp        hghh  ds  like  the  midribs  of  leaves.    The  rather 

p  fl  ca  le  e'   over  the  sides  of  the  B'onds."    The  color 

wh  n  al  -om  an  ash    ^ray  to  a  light  yellow  or  pink.    The  latter 

ft      deep         n    p  ta  grows  on  the  rocks  and  Bljjne-reeft  in  clear 

w  h        bm    «>^d  b    der  of  the  coral-i'eefe.    It  ranges  downward 

dpb£>6  m  It  is  apt  to  fade  in  drying.    On  the  fronds  a 

small  parasitic  Oovlam  [0, gibbasuia)  is  often  found.  Professor  Vcrrill  has  more 
recently  restored  both  this  and  the  West  Indian  Ehipidogorgia  Jiabeilam  to  the 
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JmmiUs,  *  and  Plexaurella  dichotoma.  f  The  shallow, 
sandy-bottomed  pools  over  tlie  reef  are  more  or  less  in- 
crusted  with  irregular  masses  of  a  calcareous  deposit,  con- 
sisting of  an  agglutination  of  serpula-tubes,  nuUiporea, 
bryozoa,  &g.,  which  usually  lie  in  ratlier  loose  flakes  on 
the  surface,  and  are  easUy  turned  over  by  the  hand; 
much  of  the  reef  itself  is  covered  in  the  same  wa,j.  The 
under  sides  of  these  inasses,  which  are  generally  concave, 
are  incrusted  with  beautiful  bryozoa,  and  fomi  hiding- 
places  for  gi"eat  numbera  of  species  of  marine  worms, 
chitons,  little  crustaceans,  ophiurans,  &o.  Beneath  this 
crust  nestle  in  great  abundance  several  interesting  species 
of  "  brittle  stars,"  The  most  common  of  these  is  the 
large  Ophiura  cinerea  Lyman  ;  almost  quite  as  abun- 
dant are  the  pretty  Ophiothrix  violacea  Miiller  and 
Troschel,  and  Oplttonereis  reticulata  Liitken.  The  other 
species  collected  on  the  reefs  were  Ophiomyxa,  flaccida 
Liitken,  Ophiactis  Erebsii  Liitken,  and  Ophiolepis  pauci- 
spina  Miiller  and  Troschel.  J  All  of  tlie  above  species  are, 
according  to  Professor  Verrill,  members  also  of  the  West 
Indian  fauna,  and  it  is  interesting  to  observe  the  occurrence 
here  of  the  huge  West  Indian  starfish,  Oreaster  giffas 
Liitken,  of  which  I  collected  two  fine  specimens  at  Santa 
Barbara,  together  with  another  West  Indian  species,  Linckia 
ornilkopus    Liitken.      The   sea-urchin,   common   at   Santa 

*  Etnicea  hamilis  Edw.  and  Haime  is  a.  goi^onian  easily  teoi^ized  by  its 
gvowlng  in.  low,  donaelj  branched  clttmps,  with  short  thick  brandies,  the  color 
being  nsnally  lemon-yellow.    It  is  a  very  common  species  along  tlie  coast. 

t  Ptexawetla  dicholmaa  KoUiker  ia  another  goi^onian,  ivith  few,  lai^e,  round, 
blant-dpped  and  thick-backed  branches  of  a  dai'k  brown  color  when  dry.    It 

IB  as  common  aa  tha  preceding. 

t  In  ihe  collection  of  radiates  made  by  Mr.  Copclnnd  and  myself,  on  tlie 
Thayer  Expedition,  tiicvc  are  several  additional  species  of  Ophiurans. 
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Barbara  and  along  the  Brazilian  coaat,  Professor  Veri'ill 
considors  to  be  tlie  same  as  the  West  Indian  species  Echiiia- 
•metra  MicheUni  Desor,  and  I  am  unable  to  detect  any 
difference  between  tlie  Abrollioa  specuneiis  and  those 
which  I  have  collected  at  St.  Thomas.  Many  of  the  species 
of  shells  common  on  the  Brazilian  coaat,  soutli  of  Eahia, 
appear  to  be  identical  with  "West  Indian  forms,  and  one  is 
astonished  to  find  afc  Peniambuco,  Bahia,  the  AbroDios, 
and  Victoria  the  large  Cassis  Cameo,*  a  shell  so  common 
ill  the  West  Indian  waters.  Professor  Verrill  has  called 
attention  to  the  number  of  species  of  Echinoderms  in  tlie 
Brazilian  fauna  that  are  identical  witli  West  Indian  forms, 
in  contrast  witli  the  almost  complete  distinctness  of  the 
polyp-faunse  of  tlie  two  regions  ;  and  he  has  suggested  that 
an  explanation  might  be  found  in  tlie  fact  tliat  tlie  Ecliino- 
derms  remain  longer  in  the  swimmmg  larval  form  than  the 
polyps,  and  may  be  carried  to  greater  distances  by  cuiTents. 
There  is  no  chance  by  which  West  Indian  species  could  be 
carried  south  of  Cape  SSo  Roque,  owing  to  tlie  equatorial 
current  which  sets  aloiig  shore  from  tliat  cape  northwest- 
ward across  tlie  mouth  of  the  Amazonas,  whose  fresli  waters 
must  have  long  presented  a  barrier  to  the  migration  sonth- 
wai-d  of  shallow  water  species-f  It  is  mterestuig  to  observe 
tliat  on  tlie  Brazilian  coast,  south  of  Pernambuco  at  least, 
we  find  no  Diademas  or  Tripneustes,  forms  so  exceedingly 
characteristic  of  tlie  West  Indian  Ecliinoderm  fauna. 

The  material  composing  tlie  reef  is  an  exceedingly  hard, 
whitish  limestone,  ringing  under  the  hammer,  and,  so  far  as 
I  had  an  opportimity  to  examine  it,  —  for  the  Brazilian  reefs 

«  Formerly  called  CassiR  Madngosmriensis. 

i  Proleasoi'  Verrill  snggeels,  however,  that  tlie  species  found  in  lolh  fauiiie 
may  Imve  misjiattid  voiihmyil  from  Brii^il. 
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are  never  broken  up  by  the  surf, —  showing  no  distinct  ti'ace 
of  organic  structure.  The  Santa  Barbara  reef  extends  around 
about  one  tliird  of  tlie  island,  and  on  the  nortliwestern  aide 
it  reaches  across  to  the  "  Cemetery,"  so  tliat  when  the  tide 
is  down  that  istet  is  joined  to  the  main  island  by  a  broad,  level 
platform  of  rock,*  diversified  by  tide-poola,  and  forming  an 
excellent  collecting-groimd  for  the  naturalist.  The  reef, 
built  up  principally  oi  Acanthastrtsa,  Sideraslraa,  <&c.,  has 
completed  its  growth  on  arriving  at  low-tide  level,  tlie  up- 
per surface  being  still  farther  added  to  by  serpul^,  biyo- 
zoa,  corallines,  barnacles,  &c.,  together  witli  the  coral-sand 
and  dSbris  of  shells  accumulating  on  the  reef. 

So  fiir  I  have  spoken  only  of  fringing  reefs,  but  there  are 
other  coral  structures  of  greater  interest  in  these  waters. 
Corals  grow  over  the  bottom  in  small  patches  in  the  open 
sea,  and,  without  spreading  much,  often  rise  to  a  height 
of  forty  to  fifty  or  more  feet,  like  towers,  and  sometimes 
attain  the  level  of  low  water,  forming  what  are  called  on 
the  Brazilian  coast  chapeirSes.'f  At  tlie  top  these  are  usually 
very  irregular,  and  sometimes  spread  out  like  mushrooms, 
or,  as  tlie  fishermen  say,  like  umbrellas.  J  Some  of  tliese 
chapeirSes  are  only  a  few  feet  in  diameter.  A  few  miles 
to  tlie  eastward  of  the  Abrolhos  is  an  area  with  a  length  of 
nine  to  ten,  and  in  some  places  a  breadtli  of  four  miles,  over 
which  these  structures  grow  very  abundantly,  forming  tlie 
well-known  Parcel  §  dos  Abrolhos,  on  which  so  many  vessels 
have  been  wrecked. 

*  The  reof  is  represented  in  the  wootlciit  on  page  173,  but  tlie  cemetery  lias 
nnfortanatelj  been  omitMd.    Sea  also  map  on  page  177, 

+  Singular  ckapeiroo,  pronounced  sh&p-a-nSiBii',  the  »«  representing  a  strong 
naaai.  The  ivoi'il  means  literally  a  big  hat.  In  the  plural  it  is  cMpdrSes,  pro- 
nounced shUp-a-ro'-er^- 

i  The  Dutch  used  to  oal!  thera  "  Jesuits." 

g  The  word  paiwi  means  shoal  or  hidden  roch,  plur,  parceis. 
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I  visited  in  my  launch  the  nortliwestern  pari;  of  this  reef, 
where  the  chapeirOes  were  sufficiently  scattered  to  allow  me 
to  sail  about  among  them. 

Among  these  chapeiroea  I  measured  a  depth  of  aisteeii  to 
twenty  metres,  and  once,  while  becalmed,  I  found  twenty 
metres  alongside  one  chapeirao  and  tliree  metres  on  top. 
The  cliapeirSes,  as  a  general  thing,  are  rarely  ever  laid  bare 
by  the  tide.  They  are  here,  as  elsewhere,  of  all  heights 
and  dimensions ;  but  in  no  case  do  they  reach  low-water 
level,  nor,  according  to  the  testimony  of  the  fishermen  and 
whalers,  are  they  ever  in  any  part  micovered.  They  do  not 
coalesce  here  to  foi-m  large  reefs  as  they  do  to  the  west  of 
the  islands.  When  the  weather  is  clear  and  cloudless  and 
the  water  calm,  these  chapekOes  can  be  reac 
at  a  considerable  distance.  The  surface  of  the  s 
to  be  flecked  by  shadows  from  a  sky  full  of  scattered 
cloudlets,  producing  a  strildng  effect.  The  water,  being 
shallow  and  clear,  and  with  a  sandy  bottom,  is  of  a  very 
light  greenish  tinge,  like  that  of  the  Niagara  Eiver  at  Buf- 
falo. The  general  color  of  tlie  chapeirSes  is  brown,  from 
their  being  incrasted  with  patches  of  Palythoa,  and  their 
position  is  marked  by  brownish  spots  on  the  surface  of  the 
sea.  In  the  daytime  a  launch  may  sail  in  safety  among 
them  in  calm  weatlier,  and  a  sinall  vessel  may  traverse 
some  of  the  chapeirSo  gi'ounds  witliout  danger,  but  large 
ships  are  likely  to  lind  themselves  in  a  labyrinth  from 
wliieh  escape  is  not  easy,*  In  windy  weather  the  waves 
break  over  tlie  chapeirBes,  but  if  there  are  white  caps  be- 
side, and  a  cloudy  sky,  their  position  caimot  be  made  out, 
and  it  is  safest  to  keep  well  away  from  them.  In  stomiy 
weatlier  there  is  nothing  to  mark  their  position,  and  they 
*  Seu  Chiivt  of  Abrolhoa  by  Mouclicn.  note. 
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are  veiy  dangerous.  Sometimes  vessels  striking  heavily  on 
small  chapeirSes  break  them  off,  and  escape  without  receiv- 
ing any  serious  injury,  as  has  been  remarked  by  Mouchez. 
At  other  times  a  vessel  may  nin  upon  one  of  these  sti'uc- 
tui-es  and  stick  fast  by  the  middle  of  tlie  keel,  to  the  amaze- 
ment of  the  captain,  who  finds  deep  water  all  around,  the 
vessel  being  perched  on  the  chapeirao  like  a  weather-cock 
ou  the  top  of  a  tower.  Ordinarily  in  passing  tlie  Abrollios 
vessels  and  steamships  go  outside  of  these  reefs  to  the  east- 
ward in  sight  of  the  islands.  It  is  not  easy,  however,  to 
calculate  one's  distance  from  a  point  at  eea,  and  especially 
from  a  light  by  night,  atid  many  vessels,  notwithstanding 
the  lightliouso,  have  been  wrecked  upon  them.  West  of 
the  islands  there  is  deep  water,  and  no  chapeirQes,  and 
between  tlie  islands  and  tlie  ParSdes  tliere  is  a  cliannel 
about  eight  miles  in  width,  with  plenty  of  water  and  no  ob- 
structions. The  best  way  in  passing  close  to  the  Abrollios 
is  to  go  to  the  westward  of  tlie  islands,  where  one  may  ran 
close  to  them  with  safety  even  in  the  night-time.  Tliere  is 
tlien  no  danger  whatever,  and  the  sea  is  smootlier.  On 
tlie  return  voyage  from  Kio,  September,  1867,  the  American 
steamship  "  South  America  "  was,  at  the  suggestion  of  the 
writer,  taken  tlirough  this  channel.  In  case  of  necessity, 
good  anchorage  may  be  found  close  in  by  the  island  of  Sta. 
Barbara  on  the  northern  or  soxitliern  side,  as  tlie  direction 
of  tlie  wind  may  determine. 

Eight  miles  northwest  of  the  islands,  between  them  and 
the  mainland,  is  tlie  Parcel  das  Paredes,  literally,  The  Shoal 
of  tlie  Walls,  an  in-egidar  ai-ea  about  seventeen  miles  long 
from  north  to  south,  and  some  nhie  miles  in  widtli,  occupied 
by  very  extensive  reefs  and  chapeirSes.  Mouchez  has  only 
given  the  general  outline  of  the  Parcel,  wliich  was  all  that 
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was  really  necessary  for  his  chart.  The  reefs  within  the 
Parcel  are  not  drawn  from  an  actual  snrvcy,  and  have  no 
approach  towards  accuracy. 

In  the  northern  part  of  the  Parcel  the  chapeirOcs  so 
closely  unite  as  to  form  an  immense  reef,  which  has  grown 
upward  to  a  little  above  tlie  level  of  low  water,  and  is  quite 
uncovered  at  low  tide.  This  reef,  as  are  all  tlie  others,  is 
exceedingly  ragged  in  outline,  fuU  of  indentations,  and 
abounds  in  shallow  pools.  The  fishermen  describe  two 
channels  that  entei"  the  reef  from  the  north,  and  almost 
bepaiate  it  mto  tliieo  pafts  Mj  captam  Jacob  Toi-jusen, 
on  intelligent  Dane,  lays  thit  the  witei  in  these  chan 
nels  IS  quite  deep  Tlie  noith  astern  pait  of  this  leef  is 
called  the  Kecife  do  Liso,  beciuso  ot  the  abundance  of  a 
shaik  like  ray  called  the  lixo,  winch  is  fuinishcd  ■with  liige 
ciushing  teetli,  and  frequents  the  leef  m  seoich  ol  obeli 
fish,  on  whidi  it  feeds 


I  spent  one  tide  on  the  Recife  do  Lixo,  during  the  full 
moon  of  the  IStli  of  August,  1867,  when  the  reef  was  un- 
covered, and  examined  it  quito  carefully. 
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The  surface  of  the  reef  was  remarlcably  even  in  height,  and 
covered  lai'gely  by  calcareous  sand,  on  which  were  patches 
of  dead  coral  incmsted  with  millepores,  barnacles,  serpulae, 
&c.,  with  occasional  living  corals,  such  as  Siderastrcea  stellata 
and  Favia,  and  perhaps  a  Ponies  solida.  The  dead  corals, 
nulliporea,  Ac,  usually  forming  incruetiiig  masses  over  ilie 
Band,  so  loose  as  to  be  easily  tui-ned  over,  affording  a  rich 
harvest  of  Ophiurans,  among  which  Ophiura  cinerea,  Ophi- 
onereis  reticulata,  and  Ophiothrix  violacea  were  especially 
abundant.  In  some  situations  sea-urchins,  Echinometra 
Michelini,  were  very  plentiful,  Yolutw  and  Cassis  Cameo 
may  frequently  be  picked  up.  The  reef  is  not  very  rich 
in  shell-fish,  but  abounds  in  crustaceans.*     A  large  naked 

*  On  the  Thayer  expedition  Mr.  (-opelancl  and  I  collected  large  numbers  of 
crustaceans  at  all  the  principal  localities  on  tliG  eoaat  between  Eio  and  Bahia. 
On  my  second  visit  to  Brazil  I  was  too  much  engaged  in  geolt^cal  studies, 
and  in  my  examination  of  the  reefs,  to  make  extensive  coHections.  The  few 
crustaoeana  hrought  home  ikim  the  second  jonmey,  my  friend,  Mr.  S.  L  Smith, 
of  the  SheiBeld  Scientific  School  of  New  Haven,  has  been  kind  enough  to 
examine  and  describe ;  and  since  writing  the  above  he  has  published  a  paper  in 
tlie  second  volume  of  tho  Transactions  of  the  ConnecticntAcademy  of  Arts  and 
Sciences,  entitled  "  Kotice  of  tlie  Crustacea  collected  by  Professor  C.  F.  Hartt  on 
theCoastof  Biaiilin  1867,  together  with  a  List  of  the  described  Specacsof  Bra- 
zilian Podopbthalmia."  Mr.  Smith  enumerntes  tho  following  species  bs  oceur^ 
ring  on  the  reets  of  the  Abrolhos  :  MUnia  Mconaita  Stimp.,  Miiftraciiiuseorouflius 
Straip.,  Mthrax  hispidus  Edwards,  Xmtho  dentkidala  White,  (Morodlas  Flori- 
dianus  Gibbes,  Panopeas  polUua  Sraitli,  Panapeua  BiirUii  Smith,  EHphia 
gonagra  Edwards,  Goaiopiis  cmeatat'ia  De  Haan,  Dromidia  AntiJloisis  Stimp., 
PdraAirua  pranuioftu  Stimp.,  Cakimis  salcatus  Stimp.,  Clibatua-ias  AniiUeaaii 
Stimp.,  Alpheaa  heteroaheiii  Say,  GonodeKti/his  chiragra  Latreillo  ('?). 

From  other  locaEties  were  described  tlie  following :  doUmedes  Dana  Smith, 
Peniambuco.  G.  omatia  Ordway,  Caravellas.  C,  laraatue  Ordway,  Bahia. 
Achekus  spininumtis  De  Haan,  Bahia.  A.  OrdiEayi  Stimp,,  Bahia.  Uca  eorda- 
ta,  Bahia.  Qtrdiosmna  quadratum  Saussure,  Pemambuco.  CUbanariut  viUatus 
Stimp.,  Caravellas.  C.  sdopdarius  Stimp.,  Caravellas.  SajUanis  leqainoxiiilis 
I'Libr.,  liHhia,      PanuUrus  eckinatus  Smith,  Pemambuco.     Patcemoa  Janiaicensis 
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niollusk  (Aplynia)  *  four  to  five  inches  long,  grayish,  and 
ornamented  with  dark  rings  and  spots,  may  sometimes 
be  found  very  abundantly  on  these  reefs.  It  gives  out  a 
very  eopioua  deep  purple  fluid  when  handled.  Odopi  are 
very  common  in  the  cracks  aiid  crevices  of  the  reef.  Tlie 
shallow  pools  are  oiten  very  rich  in  life. 

The  uniform  level  of  tlie  surface  of  the  reef  laid  dry  is 
very  remai'kahle.  So  very  even  and  unencumbered  is  it 
tliat  a  loose  coral  a  foot  in  diameter  turned  over,  or  a  cassis 
lying  on  tlie  surface,  attracts  attention  at  a  long  distance. 
Tlie  reef  is  so  protected  that  tlie  waves  have  no  power  to 
break  off  its  edges  and  encumber  its  surface,  as  is  tlie  case 
with  the  coral  reefs  of  the  Pacific,     Sand,  resulting  from 

Olivier,  PcnEdo.  P.  forceps,  Edwards,  Para.  P.  ensicuhs  Smith,  Pant.  Peueus 
Brasiliensia  I^ti'eille,  Baliia.    Xlpliopeneas  Hartiii  Smith,  CaraTellsG. 

Tho  list  of  (lie  BraaUiaa  Podopbthalmia  is  too  long  to  bo  inserted  in  this 
volume.  A  very  lai'ge  number  of  the  spedes  examined  by  Mr.  Smith  have 
been  identified  witii  West  Indian  or  ITlorician  forms.  Mr.  Smith  snggesis  that 
one  reason  why  my  collection  is  ao  much  richer  in  proportion  in  these  forms 
than  tho  BraaQian  eoliectiona  heretofore  made,  may  be  because  my  coUeclions 
were  made  on  the  reefs  and  rocky  parts,  while  the  others  were  mndo  at  Rio, 
where  there  are  no  coral-reefs.  The  colieeting-gconnds  at  Eio  are  rocltyas  well 
as  sandy.  I  suspect  that  the  Crac  reason  is  to  be  found  in  the  fact  that  the  crus- 
tacean fattna  changes  its  character  south  of  Cape  Frio. 

I  called  Mr.  Smith's  attention  to  the  name  Cardiosoma  Guaahiani,  in  which 
the  specific  name  appeared  to  have  been  derived  from  the  word  Quai/ainii  or 
Gudinumii,  the  Tnpf  name  for  the  species.  Tho  former  is  llio  way  it  was  written 
for  me  by  a  Brazilian,  but  Fonseoa  gives  the  latter  form.  I  feel  quite  snie  that 
the  name  GwojaiM  was  applied  to  several  distinct  spedes.  In  reference  to  Uca 
una,  Mr.  Smith  has  slightly  misunderstood  me.  I  do  not  remember  the  present 
volgaf  name.  V^a-una  I  found  in  Piso.  It  is  Tnpi,  and  means  simply  Uack 
d'oS,  UjM,  or  more  properly  TJ9S,  meanin;;  croi  and  Bna,  Uadc. 

•  Mr.  J.  G.  Anthony  kindly  informs  me  iliat  tlie  species,  of  which  I  furnished 
numerous  specimens  to  the  Museum  of  Comparative  Zoology,  is  probably  A. 
Argo  d'Orh.  Sander  Bang  describes  a  lai'ge  species,  A.  Bi-asilimisis,  from  the 
Bay  of  Eio.    Hist.  Nat.  des  Aplysies,  p.  55,  PL  VIII. 
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the  decay  of  coral,  tlie  breaking  up  of  shells,  &c.,  acctram- 
lates  very  slowly.  The  reef  haa  grown  as  high  as  is  possi- 
ble, and,  is  now  dead,  and  at  tlie  lowest  tide  it  is  not  more 
tlian  two  feet  out  of  water.  An  ordinary  tide  would  not 
uncover  it  completely.* 

An  irregular  raised  border,  consisting  principally  of  a 
growth  of  millepores,  serpul^e,  bajnacles,  &c.,  sometimes  a 
foot,  more  or  less,  in  height,  separates  tliis  part  of  the  reef, 
wliich  is  uncovered  at  low  water,  from  that  wliich  is  always 
submerged.  It  is  here  that  tlie  waves  break  at  low  water, 
and  tliis  favors  the  growth  of  these  animals  more  than  else- 
where. From  the  border  this  reef  generally  slopes  off 
gently  towards  the  edge  under  water,  where  it  drops  down 
pei-pendicularly  into  deep  water,  as  at  the  islands.  Tliia 
submerged  boi-der  at  tlie  Lixo  has  only  a  few  feet  of  water 
on  it  at  low  tide,  aiid  one  may  usually  wade  out  to  its  edge 
and  collect.  It  is  a  perfect  garden  covered  with  growing 
corals  of  large  size.  Here  grows  Acantkasirwa  in  large 
heads,  more  abundant  on  tlie  edge  of  the  reef.  Millepora 
nitida  Yerrill  forms  pretty  rosettes.  Tliis  interesting 
species  is  thus  described  by  Professor  Verrill :  f  — 

"  Coi-allum  forming  low  rounded  clumps,  four  to  sis 
inches  liigh,  consisting  of  short,  rapidly  forking,  romided 
or  slightly  compressed  branches,  about  A  to  .8  of  an  inch 
m  diameter,  which  have  remarkably  smooth  surfaces,  and 
are  obtuse,  rounded,  or  even  clavate  at  the  ends.  The 
lai'ger  pores  are  small,  very  distinct,  round,  evenly  scattered 
over  the  surface,  at  the  distance  of  .06  to  .1  of  an  inch 
apart.    The  small  pores  are  very  minute,  immerous,  scat- 

*  The  height  of  the  reef  is  probably  in  port  due  to  the  resent  npcise  of  the 
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tercd  between  tlie  larger  onea,  and  often  show  a  tendency 
to  arrange  tliemaelves  in  circles  of  six  or  eight.  The  tissue 
ia,  for  the  genus,  very  firm  and  compact."  The  color,  when 
alive,  is  light  pinkish.  This  species  is  abundant  on  Uie  sub- 
merged border  of  tlie  Recife  do  Lixo,  growing  in  from 
tliree  to  foiff  feet  of  water  at  low  tide.  Some  of  the  ro- 
settes I  collect«ii  lay  quite  loose  and  witliout  any  attacli- 
ment  to  the  reef. 

Among  tlie  millepores  I  obtained  on  the  Brazilian  coast 
Professor  Ven'ill  has  distingTiished  three  forms  which  so 
closely  agree  with  Millepora  alcicornis  LinuEeus,  that  he 
has  separated  them  as  varieties  of  tbafc  species.  One  of 
tliese,  var.  celMosa  Verrill,  I  found  at  Pernambuco,  biit  I 
did  not  see  it  alive.  Professor  Verrill  describes  it  as  fol- 
lows :  "  Corallum  consisting  of  numerous,  irregular,  rath- 
er sliort  branches,  ai'iaing  from  a  tbick  base,  branches  pro- 
liferous or  digitate  at  the  ends,  the  last  division  short, 
mostly  compressed  and  acute  at  t!ie  tips.  Some  of  the 
branches  occasionally  coalesce,  bo  as  to  leave  small  open- 
ings. Cells  numerous,  crowded,  rather  large  for  the  genus, 
each  sunken  in  a  distinct  depression,  the  wall  rising  up 
into  an  acute  ridge  between  tliem,  texture  rather  open  and 
coarsely  porous." 

Another  form,  which  differs  from  the  other  in  its  "  some- 
what more  porous  texture,  and  the  greater  regularity  and 
more  scattered  arrangements  of  tlie  cells,"  together  with  its 
round  and  digitate  branches  and  branchlets,  having  three  to 
five  short  compressed  divisions  at  the  end,  Professor  Ver- 
rill has  referred  with  doubt  to  the  variety  digitata  of  Esper. 
The  third  variety  distinguished  by  having  the  branches 
in  the  same  plane,  and  coalescing  in  such  a  way  as  to  leave 
frequent  openings,  Professor  Yerrill  has  referred  to  the 
M.fenestrata  Duch.  and  Mich. 
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Both  of  these  last  occur  abundantly  along  tlie  coast  from 
Cape  Fno  northward,  as  far  aa  I  have  examined.  They 
seem  to  prefer  the  edge  of  the  reef,  where  they  form  beauti- 
ful broad  fi-iUs  of  a  light  yellomsh-brown  or  pinkish  color, 
Li  collecting  tliese  millepores,  I  was  struck  with  their  pow, 
erful  stinging  properties,  and  they  burned  me  eometimea 
like  hot  iron,  producing  a  sensation  precisely  like  that 
caused  by  the  Physalia,  or  out  Northern  jelly-fish,  Cyanea. 
I  was  stung  in  the  same  way  by  tlie  millepores  of  St. 
Thomas.  The  fishermen  who  were  with  me  on  tlie  Bra- 
zilian reefs  handled  these  corals  with  impunity,  but  they 
called  them  "  sea-ginger,"  and  told  me  that  they  were 
accustomed  to  play  practical  jokes  on  land-hibbers  by  per- 
suading tliem  to  taste  them.  I  presume  that  a  thin  and 
delicate  skin  makes  me  more  sensitive  than  most  persons 
to  the  stmging  properties  of  these  animals.* 

The  Siderastreea  and  Favice,  already  described  in  speak- 
ing of  the  Santa  Bai'bara  reef,  are  found  on  the  Recife  do 
Liso,  botli  in  the  pools  and  on  the  siibmerged  border,  and 
associated  with  them  are  a  few  forms  which  appear  to  be 
somewhat  rare,  as  I  could  find  but  few  specimens  of  tliem. 
Among  these  is  the  species  of  Favia,  described  by  Professor 
Yerrili  under  the  name  F.  leptopliyUa,  an  interesting  spe- 
cies which  forms  large  hemispherical  corals,  easily  recog- 
nized by  "the  Tery  open,  deep,  rounded  cells;  few,  thin, 
projecting  septa ;  and  tliin  distinct  walls."  Another  and 
beautiful  coral  is  Heliastrma  aperta  Terrill,  which  the 
following  description,  almost  in  Prafessor  VerriU's  own 
words,  will  serve  to  distinguish:  The  corallum  is  large, 
more  or  less  regularly  hemispherical,  sometimes  subspher- 

*  This  stinging  property  of  tlie  millepores  is  in  nccoviknce  with  thfflr  acele- 
pliian  slj-nctni-e,  first  annonin,>eil  tj  Professor  Agaasia, 
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ical,  aiid  often  a  foot  and  a  half  in  diameter.  The  text- 
ure is  open  and  light,  which  character,  together  with  the 
thinner  and  more  acute  septte,  serves  to  separate  it  from 
H.  cavernosa  Edw.  and  Haime,  which  it  resembles  in  the 
large  size  and  prominence  of  ita  cells.  Tliese  in  S.  aperta 
are  circular,  large,  moderately  deep,  with  a  broad  central 
area,  the  margin  projecting  about  .08  inch  above  the  gen- 
eral surface.  Septa  in  Uiree  complete  cycles,  narrow,  tliin, 
suhequal,  the  eummita  considerably  projecting,  angular, 
acute,  the  inner  edges  nearly  perpendicular,  finely  tootlied, 
often  with  a  distinct  paliform  tooth^t  the  base.  Columella 
well  developed,  of  loose,  open  tissue.  Costte  elevated  and 
tliin,  rising  obliquely  upward  to  the  summits  of  tlie  septa, 
finely  serrate.  WaUs  very  thm,  inconspicuous.  Tliis  spe- 
cies seems  to  be  more  abundant  in  the  Bay  of  Bahia  than 
in  the  Abrolhos  region,  and  I  have  frequently  seen  it  there 
in  tlie  heaps  of  corals  brought  from  the  Island  of  Itaparica 
to  the  city  for  burning  into  lime. 

A  very  pretty  Pectima  (P.  BrazUiensis  Edw.  and 
Haime)  is  another  of  these  apparently  rare  forms,  of  which 
I  have  found  only  a  single  specimen,  which  was  growing  on 
tlie  reef  borders  at  tlie  Lixo,  in  about  two  feet  of  water  at 
low  tide. 

On  tlie  Recife  do  Lixo  I  collected  a  few  specimens  of  a 
massive  Pontes,  resembluig  P.  Guadaloupensis  Duch,, 
which  is  very  abundant  on  the  Porto  Seguro  coral-reef. 
It  is  sometimes  of  a  bright  sulphur-color,  tliough  it  varies 
very  much  in  tint.  Professor  Verrill  lias  described  it  as  a 
new  species  under  the  name  P.  soUda,  and  states  tliat  it 
differs  from  the  West  Indian  forms  in  its  larger  and  deeper 
cells,  thicker  walls,  wider  and  more  crispate  septa,  and 
more  solid  structure. 
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The  beauty  of  the  polyp  growtli  on  the  submerged  reef 
border  is  much  enhanced  by  the  great  luxuriance  of  the 
gorgonians,  which  are  the  same  as  tliose  already  ob- 
serred  elsewhere,  but  on  the  Llso  reef  I  discovered  a 
beautiful  new  species,  described  by  Professor  Verrili  un- 
der tlie  name  of  Gorgonia  gracilis.  It  gi'ows  in  little 
tufts,  about  six  to  eight  inches  high,  witli  few  slender  and 
very  delicate  branches.  The  color  is  yellow  or  purple,  and 
in  rough  water  tlie  species  is  apt  to  be  overlooked  by  the 
collector,  from  its  resemblance  to  a  sea-weed.  Towards  the 
edge,  as  the  water  deepens,  the  reef  grows  more  and  more 
irregular.  It  is  full  of  holes,  and  almost  wholly  composed 
of  live  and  growing  corals,  which  furnish  a  very  msecure 
footing.  On  the  edge  and  sides  grow  immense  coral-heads, 
and  the  Mussa  are  especially  abundant.  Tlie  outline  of 
the  border  is  esceedingly  ragged. 

The  height  of  the  perpendicular  edge  on  the  western 
side  of  the  Porto  Seguro  and  Lixo  reefs  vai'ies  very  much, 
being  in  some  places  tliree  or  four  feet,  in  others  ten  feet  or 
more.  I  could  not  examine  it  on  the  eastern  side,  owing  to 
the  surf.  I  have  introduced  a  diagram,  showing  the  reef 
as  seen  in  section,  with  the  disti-ibution  of  the  different 
species  of  corals  indicated.  Just  alongside  the  reef,  at  least 
on  the  western  side,  wherever  I  have  examined  it,  —  and 
the  same  holds  good  of  the  Porto  Seguro  reef,  —  the  bottom 
slopes  rapidly  away  from  the  reef-edge,  and  is  composed  of 
a  soft,  bluish,  calcareous  mud,  washed  from  the  top  of  the 
reef,  which  makes  the  reef  appear  much  lower  than  it  really 
is.  A  short  distance  away,  in  some  places,  a  depth  of  sev- 
enty to  eighty  feet  may  be  found.  The  diagram  on  page 
211  represents  a  sketch  of  the  edge  of  the  reef  of  the  Lixo, 
with  souiKliiigs  made  by  myself.     The  large  reefs  ajspear  to 
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have  been  formed  not  only  by  tlie  upward  gi-owih  of  large 
patches,  but  by  the  filling  in  and  coalescence  of  chapeirOes, 
which  ia  a  feature  not  hithei"to  spoken  of  in  the  growth  of 
coral  reefs.  The  ponds  on  the  sui-face  of  the  reef  probably 
mark  the  intervals  bet\reen  tlie  cliapeirSes  where  the  filling 
in  is  nearly  complete ;  fliougli  they  may  in  some  cases 
mark  spots  where  the  corals  have  been  killed  by  the  drift 
of  sand. 
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I  visited  tlie  eastern  side  of  the  Lixo,  but  tlii.  wi^cs  wt,ie 
breaking  with  too  much  foice  to  allow  me  to  see  injthiiig 
distinctly.  Tlie  boatmen  said  that  thi%  leef  diopt,  down 
perpendicularly  into  deep  watei  I  observed  no  sand- 
banks upon  it.     On  the  wcst*,in  sidt  of  in    Ti\     liune   ut 


but  few  chapeiroes,  but  the  nthoi  sidi  s  ite  bordried  h^  an 
abundance  of  them,  and  they  stretch  off  southwaid,  foimmg 
with  two  other  reefs,  called  the  Recife  de  Leste  and  Recife 
da  Pedra  Grande,  the  rest  of  the  Parcel  The  Recife  da 
Pedra  Grande  was  described  by  Jacob  as  being  like  a  will, 
quite  straight,  some  three  miles  in  length,  and  only  two  or 
three  hundred  feet  wide.  Southwest  of  the  Paiedcy  are 
several  other  quite  large  reef  giountl'i  One  oi  the  leefs, 
Cor8a  Vermelha,  has  become  conveited  into  in  islmd  by 
the  heaping  up  of  sand  in  tlie  centre  Theie  aie  no  leefa 
or  eliapoirOes  south  of  the  Muniiv  Noitli  of  the  Riufe 
do  Lixo  arc  some  small  iccf  pitches    md  a'lout  ten  miles 
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northward,  a  little  to  tlie  west,  is  a  very  dangerous  reef- 
groimd  some  three  miles  long,  and  one  and  a  half  to  two 
miles  wide,  called  the  Timbebas,  between  which  and  tte  reefs 
to  the  soutli  is  a  wide  open  channel  called  the  Itanhaem, 
This,  as  Mouchez  says  in  his  chart,  is  the  most  dreaded  of 
all  the  reefs,  because  it  is  situated  just  beyond  the  limit  of 
visibility  of  the  coast,  and  there  is  nothing  to  mark  its  po- 
sition, 80  that  even  the  pilots  of  the  coast  keep  well  away 
from  it.  I  once  passed  close  to  it  in  the  steamer  Santa 
Cruz,  and  saw  the  waves  beating  over  it.  Small  coral 
patches  occur  close  in  shore  along  the  coast  northward  as 
far  as  to  Point  Oarumba,  just  off  which  is  a  reef-ground 
eight  miles  long  and  three  to  five  miles  wide.  Mouchez 
says  that  the  reef  is  uncovered  at  low  tide  in  the  western 
part,  and  tliat  the  rest  of  the  ground  is  covered  by  chapei- 
rOes.  These  reefs  are  the  celebrated  Itacolumis.  The 
next  important  rccf-gronnd  stretches  across  the  mouUi  of 
tlie  Bay  of  Porto  Seguro.  I  found  the  reef  uncovei'ed  over 
an  area  as  far  as  I  could  see  north  and  south  while  standing 
on  the  reef,  with  a  width  in  some  places  of  a  mile ;  but  it 
was  exceedingly  difficult  to  judge  of  distance  on  so  plane  and 
monotonous  a  surface.  Tliis  reef  is  surrounded  by  chapeirSes. 
Tlie  same  line  of  reefs  extends  northward,  passes  the  low 
point  north  of  Porto  Seguro,  leaving  a  deep  channel,  allow- 
ing the  passage  of  steamers,  and  is  continued  across  the  bay 
of  Santa  Cruz,  as  is  represented  in  tlie  sketch-map  on  p.  233. 
In  tlie  summer  I  passed  close  to  tlie  northern  part  of  the 
reef  off  Santa  Craz.  It  has,  like  tlie  otlier  principal  reefs, 
finished  its  growth,  and  is  in  part  converted  into  an  island, 
on  which  I  observed  a  few  mangi-ove-trees  gi'owing.  A 
schooner  had  struck  on  the  outer  side  of  this  reef,  and  had 
afterwards  been  carried  over  and  simk  erect,  just  behind  the 
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rcpf.  Its  masts  were  standing,  showing  a  depth  alongside 
of  the  reef  of  about  thirty  feet.  Eeef  pat-ches  occui'  along 
the  shore  in  the  vicinity  of  Camamti.  Quieppe  Island  is 
surrounded  by  them  on  all  sides,  and  a  little  bay  tetween 
Camamu  and  Boyapeba  is  full  of  chapeirSes,  while  the  en- 
trance to  the  Barra  Oarvalhos,  according  to  tlie  "  Soutli 
American  Coast  Pilot,"  is  similarly  enciambered.  Along 
tlie  shores  of  Itapanca  Island  there  are  extensive  coral- 
baiika,  from  which  coral  is  taken  for  the  pur|>ose  of  being 
burned  into  hme  ;  and  at  low  tide  coral  is  largely  collected 
from  banks  lying  off  Periperf,  on  the  Baliia  Railroad,  to 
which  place  it  is  brought  and  burned,  I  saw  large  quanti- 
ties of  it  at  Bahia  and  Periperi.  The  corals  were  of  the  same 
species  as  are  common  on  the  Abrolhos  reefs,  but  Heliastraa 
was  more  common.  Limestone  is  very  scarce  on  the  Bra- 
zilian coast,  and  corals  are  largely  used  for  making  lime. 
They  call  the  coral perfra  de  cal*  in  Brazil,  for  this  reason. 

Still  going  northward,  I  am  not  aware  that  any  coral- 
patches  are  to  be  found  until  we  reach  Maceifi,  but  in  the 
harbor  of  tliis  town  I  examined  quite  an  extensive  one,  which 
lies  some  distance,  perhaps  a  mile,  off  the  town,  and  at  low 
tide  is  uncovered  for  a  large  irregular  space.  Its  surface  is 
flat,  but  irregular,  composed  of  dead  coi-als,  and  is  full  of 
holes.  Walking  out  to  the  edge  of  the  reef,  where  the  sea 
was  breaking  heavily,  I  found  it  exceedingly  rough.  I  was 
unable  to  see  much,  as  the  tide  rose  rapidly,  flowing  over 
the  reef,  and  I  had  to  wade  back  half  a  mile  over  tlie 
rough  surface  to  my  boat.  I  saw  very  few  live  corals  in 
the  ponda.t     There  were  a  very  few  little  SiderastrcBce,  and 

»  It  would  not  be  wocih  statang  here  that  the  red  coral  does  not  occur  on  the 
Brazilian  const,  if  it  were  not  that  from  my  use  of  the  term  atml  the  report  had 
been  circulated  that  I  had  diacoTered  a  reef  of  red  coral  at  the  Abrolhos  1 

t  Professor  Agaaaia  tells  me  that  he  has  fine  millepores  from  Mnceio. 
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an  occasional  dwarfed  Acanthastresa.  EcMnometra;  were 
abundant,  and  English  sailors  were  spearing  the  large 
AplysitB  for  tlie  sake  of  spilling  their  puj-ple  ink.  In  the 
hands  of  a  sailor  I  saw  a  beautiful  Valuta  like  V.  musica, 
and  I  collected  a  specimen  of  Linckia  ornithopus.  My 
boatman  said  that  on  tlie  outer  edge  of  tlie  reef  large 
coral-heads  grew,  and  that  tliese  were  collected  and  brought 
on  shore  for  buniing  into  lime. 

Fiom  the  Iighthou=*e  at  Marei''  thu  letfs  could  le  seei 
extenlmi^  m  in  nregulir  Ime  along  thu  -Jioic  n  itlindid 
manymile'^  In  the  vicinity  ol  Peinambuco  are  patches  of 
g  owing  conl  as  Dini  has  remaiked  I  have  specimens 
fjom  tliese  pitchei  but  I  was  pi  evented  from  vibitnig  them 
I  know  of  no  one  who  has  examined  the  leefa  noiUi  of  Pei 
nambuGO  witli  i  Mew  to  scientific  results 

The  Rocc li,  iic  a  ^ery  dm^  loub  clustei  of  ii^efs  in  the 
latitude  of  Fernanda  dc  Noronha  noted  foi  its  annulai 
blnpe  Fiom  the  cliaits  of  tlie  Koccas,  tigctliPi  with  what 
I  have  learned  from  those  who  liave  visited  tliem,  tliey 
must  be  true  coral  reefs. 

Though  Uiere  is  a  general  resemblance  between  the  Brazil- 
ian and  West-Indian  polyp  faunae  in  the  representative  spe- 
cies of  Sideraslrma,  Favia,  Pontes,  Plexaurella,  &c.,  &c.,  yet 
one  who  has  collected  in  the  West  Indies,  as  at  St.  Thomas, 
for  instance,  or  Florida,  is  much  struck  witli  tlie  absence 
of  Madrepora,  MtBandnna,  Diploria,  Manicina,  Cladocora, 
Ocutina,  and  otlier  genera  characteristic  of  tlie  West-Indian 
fauna.  The  Brazilian  reefs  are  built  np  by  a  very  few  spe- 
cies, among  wliicli  Acanthastrisa  Braziliensis  appears  to  be 
the  most  common,  togetlier  witli  SlderastraifB  and  other 
massive  forms ;  but  the  MWeports  and  Mussw  must  con- 
tribute moi'e  or  less  to  their  growth. 
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CHAPTER    Y. 

rGOVlNGE   OF   15AH1A.  —  COAST  SOUTH  OF   SAO   SALVADOE. 

Tlie  Tertiaiy  I/ands  between  tlie  Eivers  M iicury  and  Peruhype ;  their  Vegeta- 
tion, &c. —  Colonia  Leopoldina  and  its  Coffee  Plantations.  —  Villa  Vifosa. — 
The  Canal  joining  the  Birers  Poruhypa  and  Caravellas.  —  Formation  of 
Beaches  and  Beach  Ridges.  —  Coast  between  Caravelias  and  Porto  Seguro.  — 
Monte Pascoal. — Porto  Seguro  and  its  Recife,  or  Consolidated  Beaoh.  —  Santa 
Cruz  and  ita  Beef.  —  Coa£t  northivard  to  tJie  Jequilinhonha ;  the  Lagoa  do 
Braijo,  Campos,  &e.  —  The  Canal  Po-Msii  and  the  Rio  da  Salsa.  —  Mangrove 
Swamps  between  the  Jeqnitinhonha  and  Pnvdo.  —  CannnTieiras.  —  The  Salt 
Trade  of  the  Jequitinhonha.  —  Descviption  of  the  lower  Part  of  the  Kio 
Pardo;  Cacao  Plantations,  &e.  —  Coast  northward  lallhiJos.  —  Prince  Nea 
Wied's  Description  of  the  Country  between  Ilh^os  and  Conqnista,  Possoes, 
and  Cachoairft;  the  Forests,  Campos,  Social  Plants,  &e.  — Hhcos.  — Rio  and 
Lngdaltahjpe.  — Dead  Coral  Banks.  —  Rio  dasContas,  —  Bay  of  Camamd. 
—  Tnrfa  Deposits,  —  Villa  de  CainamiL  —  Coast  northward  to  the  Bahia 
de  Toiios  or  Santos.  —  The  Bay  of  All  Saints  described.  —  Ilha  Itapar ica.  — 
Eio  Jaguanpe  and  Kaaareth.  —  Rio  Paragnassii, — Description  of  Eirer 
below  Cachoeira.  —  The  Tram-road  —  Sant'  Ainaro.and  the  Agricidtnml 

The  Rio  Peruhyjic  lias  ita  source  in  the  Serra  dos 
Aimoi-^s,  a  few  miles  north  of  Santa  Clai'a,  and  flows  in 
a  deep,  narrow  valley,  worn  for  the  greater  part  of  tlie  dis- 
tance through  the  coast  tertiary  belt.  It  is  not  more  than 
fifty  miles  in  length,  and  is  consequently  an  insignificant 
stream.  Between  the  Peruhype  and  tlie  Mucuiy  the  lands 
are  almost  wholly  tertiary,  though  between  the  mouths  of 
tliese  two  riv^ei-s  there  is  a  strip  of  sand  and  marsh.  I  owe 
to  tlie  kindness  of  my  fnend  Sr.  Schlohach  a  profile  of  a 
railroad  line  surveyed  by  him  to  coiuiect  the  Philadelphia 
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Eoad  at  Santa  Clara  with  the  Pemhype  above  Villa  Yiqosa,, 
which  profile  is  of  much  interest,  since  it  shows  that  the 
surface  of  the  tertiary  beds  slopes  very  regularly  from  the 
serra  to  the  sea, —  a  slope  which  I  beheve  to  depend  on 
the  slope  of  the  sea  bottom  on  which  the  beds  were  de- 
posited, though  it  is,  in  part  at  least,  due  to  a  thickening 
of  the  beds  towards  tlie  serra.  The  country  between  tlie 
two  rivers  foi'ms  a  great  wooded  plain ;  but  tlie  forests 
are  by  no  means  so  luxuriant  in  tlieir  appearance  as  on  the 
SSo  Matheos  or  Doce.  The  soil  is  sandy,  wealc,  and  dry, 
though  on  tlie  elopes  of  river  valleys  it  is  productive,  and 
tlie  bottoms  of  the  valleys  are  covered  by  a  very  rank  growth. 
This  region  is  traversed  by  many  little  streams,  aU  of 
which  have  cut  for  themselves  deep  valleys  or  canons  with 
very  steep  sides.  Tlie  upland  forests  furnish  many  valua^ 
ble  woods,  and  rosewood  is  extensively  cut  both  on  the 
Pemliype  and  Mucury.  In  some  parts  the  forest  is  very 
sparse  of  underbrush,  but  in  others  it  is  so  matted  and  tan- 
gled with  bamboos  (^Taquo/ras)  and  young  Airi  palms 
(^Astrocarywm  Airi  Mart.)  as  to  be  almost  impenetrable. 
Tliei-e  are  lai-ge  marshy  areas  on  this  plain,  and  tliese  are 
in  part  flooded,  some  of  tiiem  only  during  the  rainy  season, 
when  they  form  shallow  lagoons.  The  vegetation  of  the  al- 
luvial lands  bordering  the  little  streams  is  luxuriant  beyond 
description.  Here  one  finds  an  abimdance  of  Palmilos 
(^Euterpe  edulis  Mart.)  and  beautiful  tree-ferns.  The  Bdto- 
eudos  still  hold  the  country,  and  I  saw  their  deserted 
ranches  every  few  miles  along  tlie  path.  The  forest 
abounds  in  game.  Queixadas,  coititiis,  antas,  on^as,  mon- 
keys, and  birds  of  every  description  are  very  numerous. 

Nowhere  on  the  route  did  I  see  any  good  exposure  of  the 
tertiary  beds,  but  in  the    descent   into   the   river  valleys 
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I  repeatedly  saw  the  drift,  which  here  as  elsewhere  is  com- 
posed of  red  clay  full  of  fragmenta  of  qiiartz.  All  tlie 
streams  are  "  black-water,"  and  so  is  the  Peruhype,*  On 
this  last  river  a  colony  of  Germans,  together  with  some 
natives  of  other  countries,  was  established  maiiy  years  ago. 
It  is  called  Colonia  Leopoldina,  and  consists  of  a  consider- 
able number  of  fazcndas  situated  on  both  sides  of  the  river 
for  several  mUes  above  Sao  Jos^,  the  head  of  navigation  for 
steamers.  Some  of  these  fazendaa  are  very  large  and  valu- 
able, as  tliat  of  tlie  late  Sr.  JoSo  Mach  for  instance.  The 
cultivated  lands  are  situated  on  the  very  edges  and  slopes 
of  the  chapactas,  and  they  were  formerly  very  productive.! 
Coffee  is  the  staple  product,  and  is  noted  in  Brazil  as  being 
of  very  superior  quality,  passmg  by  the  name  of  Cife  dc 
Caravelh^.  The  trees  ai-e  not  albwei  to  grow  to  then  full 
height,  but  are  trimmed  down  '■o  fh  it  tlie  pickmg  is  eisdj 
done  by  hand  from  tlio  giound  "^ix  feet  oi  theieabouts 
appears  to  be  the  average  height  of  the  coffee  tiecs  of 
this  re^on.  The  trees,  when  tiimmed  m  this  way,  aie 
flatrtopped  witli  pendant  blanches,  and  a  cafezal,  oi  coffee 
plantation,  at  tlie  colony  is  a  very  pietty  sight  Mandioca, 
maize,  cotton,  and  other  Biazilian  pioducts  lie  cultivated 
largely,  and  one  riding  through  the  fizendas  sees  bete  is 
elsewhere  the  orange,  banana  lime,  utron  pine  ipple,  &.c 
The  mamao,  a  species  of  Caitca,  furnishing  i  lirge  and 
savory  fruit  full  of  seeds,  is  frequently  seen,  tliough  it  is  to 
be  fomid  almost  everywhere  along  tlie  coast,  gio^ving  in 
corners  of  fields  and  gardens.     The  climate  of  the  colony 

*  Von  Tsclmdi  says  {Mmen,  &c.,  Yol,  n.  p,  357)  that  the  ivntor  of  the 
Penihjpa  at  Villa  Vifosa  is  deep  biown,  and  that,  churned,  up  by  the  paddle- 
wheels  of  a  Eteamer,  it  looks  like  foaming  porter. 

t  These  soils  become  rapidly  exhausted,  and  many  of  the  old  faicndas  are 
very'  nearly  worn  out. 
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is  very  uiiliealtlij,  especially  for  foreigners,  but  it  is  far 
superior  to  that  of  the  Mecutj  below  Santa  Clara.  The 
Peruhype  is  navigable  as  fai-  as  SS,o  Jos^  for  coasting 
steamers,  -which,  however,  do  not  enter  tlie  river  at  its 
mouth,  but  by  means  of  a  natural  canal  which,  through  a 
very  extensive  swampy  tract,  connects  the  Peruhype  with 
the  Caravellas  River.  The  bar  at  the  mouth  of  the  river 
is  very  bad,  and  is  rarely  crossed  by  any  except  very  small 
vessels.  The  entrance  at  Caravellas  is  good.  Since  the 
navigation  of  the  Mucury  is  so  difEeult,  and  its  bai-  so  bad, 
it  has  been  proposed  to  extend  tlie  Minas  Road  across  the 
plains  to  the  Peruhype  below  the  colony,  and  ultimately 
make  it  a  raih-oad.  TJie  only  difficulty  in  the  way  of  build- 
ing such  a  road  would  be  tliat  of  bridgmg  the  deep  valleys 
of  the  streams,  which  would  require  very  high  viaducts  or 
bridges.  It  is  to  be  hoped  that  tliis  project  will  one  day 
be  accomplished.  Villa  Vi^osa,  a  town  of  some  five  hundred 
or  one  thousand  inhabitants,  is  situated  on  the  right  bank 
of  the  Peruliype,  at  a  distance  of  about  four  miles  from 
the  sea,  and  five  or  six  below  Sa^o  Josi?  da  Colouia  Leo- 
poldina.  The  lands  of  tlie  vicinity  are  very  productive  in 
mandioca,  and  a  large  quantity  of  farinha  is  exported.* 
From  the  mouth  of  tlie  Peruhype  to  that  of  the  Cai'avellas 
the  shore  consists  of  a  long  sea-beach  broken  only  by  one 
rirer-month, —  Bai-ra  Nova.  Prom  Villa  Vi^osa  to  the 
Villa  de  Caravellas  a  ratlier  narrow  tidal  canal  extends 

*  The  water  used  for  drinking  at  Tilln  Vi<;osa  is  very  bad.  Von  Tachudl 
says  that  it  Is  roUected  in  shallow  holes  sunl;  in  a  sandy  grass-grown  plain 
southwest  of  the  town.  When  first  draivii  its  taste  is  very  disagi'eeable,  bnl  it 
t)ecomea  potable  after  staniling  a  day  or  two.  All  the  towns  along  the  coast, 
built  on  the  sands  of  the  sea-shora,  as  a  general  thing  have  bad  water.  This 
is  the  case  at  Caravellas.  It  is  needless  to  say  that  tlie  want  of  pure  water  is 
one  cause  of  the  pvcralence  of  sickness  in  tliess  places. 
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pai'allel  ■with  tlie  coast.  Westward  of  &\s,  as  Von  Tschudi 
lias  remarked,  is  the  terra  firma,  —  the  tertiary  lands 
trending  off  northward  at  a  greater  or  less  distance  from 
tlie  canal.  Tliis  stream,  in  which  the  tide  ebbs  and  flows, 
and  whose  waters  ai'e  salt,  is  sufficiently  deep  to  allow  the 
passage  of  the  coast  steamers.  Between  the  canal  and 
the  sea  the  lands,  which  are  but  little  above  the  water,  con- 
sist iji  paii)  of  sandy  flats  covered  with  forest  or  cocoa-palm 
groves,  but  the  greater  pai-t  appears  to  be  an  immense 
mangrove  swamp,  similar  to  that  which  lies  between  the 
Jequitinhonha  and  Pardo  to  the  north,  and,  lUie  this  last, 
it  is  intersected  by  a  network  of  narrow  canals,  which 
have  never  been  mapped.  Gerber's  map  represents  this 
area  as  a  cluster  of  small  islands,  witli  tlie  sea  penetrating 
from  the  coast  through  numerous  canals,  which  probably 
misled  Von  Tsehudi,  who  also  describes  it  as  an  ai^chijielago. 
The  so-called  Rio  Cai'avellas  is  only  a  narrow  estuary,  which 
penetrates  into  tlie  interior  for  a  distance  of  about  twelve 
miles.  From  this  estuary  near  Caravellas  the  canal  extends 
southwai~d  to  Vi^osa,  while  at  its  head  empty  the  Rio  Cara- 
vellas and  the  Rio  da  Pabrica. 

The  water  off  this  coast  is  very  shallow,  and  along  shore 
it  is  usually  very  turbid.  Outside  ai-e  the  very  extensive 
coi-al-banks,  described  in  the  preceding  chapter,  which  not 
only  break  the  force  of  tlie  ocean  waves,  but  give  rise  to  a 
system  of  curi'entB  whose  force  and  direction  depend  almost 
entirely  on  tlie  winds.  Owing  to  the  protection  of  the  shores 
from  such  powerful  wave  action  as  obtains  almost  everywhere 
else  on  the  coast,  we  find  here  a  sloping  sand-beach,  rising 
to  but  a  few  feet  above  high-water,  and  unaccompanied  by  a 
beach-ridge.  The  water  along  the  coast  is  ordinarily  as 
smooth  and  cahn  as  that  of  an  inlami  bike.    Near  tlie  raouth 
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of  tlie  Cai'avellas  and  a  few  miles  to  the  southward,  I  ob- 
served dead  mangroves  stauding  in  clumps  in  tlie  water  just 
oulside  the  land.  A  short  distance  south  of  the  Mucury,  as 
already  remarked,  I  observed  dead  trees  still  erect,  and 
rooted  below  liigh-water  mark.  It  would  seem  that  tliere 
has  been,  within  a  few  years,  a  slight  sinking  of  this  part 
of  the  coast.  The  mangrove  swamps  ai'e  sometimes  formed 
in  depressions  caused  by  the  wearing  away  of  tlie  lower 
lands  by  the  sea ;  but  this  ia  very  rare.  They  almost  al- 
ways occupy  tracts  protected  from  the  waves  by  sand-beaches 
or  otherwise,  and  filled  up  witli  sand-banks,  or  which,  by 
the  gradual  rise  of  the  land,  have  been  brought  so  near  the 
surface  tliat  the  seeds  of  the  mangrove  take  root.  If  one 
examines  the  sea  bottom  along  the  coast  he  will  find  that, 
especially  in  the  vicinity  of  large  rivers,  such  as  tlie  SSo 
Francisco,  Fardo,  Jequitinhonha,  Doce,  Parahyba  do  Sul, 
and,  as  a  general  rule,  off  flat  lands  everywhere,  the  bottom 
slopes  away  very  gmdnally,  and  consists  of  beds  of  sand, 
and  bnt  rarely  of  mud,  because  such  fine  material  is  almost 
invariably  swept  out  with  the  current  into  deep  water. 
A  beach  must  of  course  be  formed  within  the  limits  of 
wave  action.  If  these  correspond  with  the  edge  of  tlie 
land,  then  the  beach  will  skirt  it,  but  where,  as  is  frequently 
the  case,  the  water  is  so  shallow  that  the  waves  break  at  a 
distance  from  the  shore,  tliere  will  shoi-tly  be  formed,  along 
this  line,  a  ridge  of  sand,  which  will  gi-adually  increase  in 
height  until  at  last  it  will  appear  above  water,  forming  a 
naiTow  strip  parallel  to  the  shore.  This  may  become  so 
high  as  to  form  a  permanent  bai-rier,  enclosing  behind  it  a 
lagoon  of  shallow  water.  Sometimes  tlie  formation  of  these 
beaches  is  due  to  the  action  of  storms  of  extraordinary 
violence,  which  have  caused  the  waves  to  disturb  the  bottom 
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farther  than  usual  from  the  shore.  In  the  slow  rise  of  a 
coast  bordering  shallow  water  tlie  line  of  sui'f  action  would 
be  gradually  remoyed  from  the  shore.  If  the  slope  of  the 
bottom  is  imifoiTn,  and  tliere  are  no  storms,  the  effect  may 
be  to  add  slowly  to  the  coast  by  a  constant  throwing  up  of 
sands  by  tlie  waves  ;  and  this  is  beautifully  illustrated  at 
the  mouth  of  the  Jequitinhonha  hy  the  plains  stretcliing 
southward  from  Eelmonte.  These  plains  consist  of  a  great 
number  of  parallel  beaches,  one  lying  in  front  of  the  other, 
and  traceable  for  miles ;  but  even  here  the  growth  of  the 
coast  has  not  been  uniform,  and  occasionally  an  increased 
violence  of  the  surf  has  thrown  up  a  ridge  a  few  yards  or 
rods  outside  of  that  last  formed,  making  a  harrow  ditch- 
like lagoon,  like  a  river,  running  parallel  with  the  shore, 
A  lagoon  of  this  kind  i-uns  behind  the  beach  along  the 
present  shore  line  like  a  strip  of  insertion.  If  tlie  water  is 
very  shallow,  there  will  be  no  regular  beach  ridge,  but  there 
may  be  dunes  if  the  sand  is  light  enough  to  be  raised  by 
the  wind  ;  but  if  the  water  is  so  deep  that  the  whole  force 
of  tlie  waves  is  expended  on  the  shore  line,  breaking  in 
a  single  line  of  surf,  then  we  may  expect  to  find  a  high 
ridge  accompanying  the  beach,  —  a  ridge  which  has  owed 
its  origin  primarily,  it  may  be,  to  some  veiy  heavy  stonn, 
and  secondarily  to  tiie  joint  action  of  tlie  winds  and  waves 
in  pilmg  up  the  sand.  This  ia  beautifully  seen  at  the 
mouth  of  the  Jequitinlionlia.  At  Belmonte  tlie  sea  is  ex- 
ceedingly shallow,  consequently  the  shore  is  low  and  with- 
out a  ridge.  Going  southward  the  water  deepens,  the  surf 
is  heavier,  and  a  weU-defined  ridge  begins,  growing  higher 
and  higher  the  fartlier  south  we  go. 

Along  the  coast  of  Long  Island,  and  of  the  Middle  and 
Southern  Atlantic  States,  we  have   these  phe 
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exliibitod.  "When  between  the  rivers  the  aliore  is  flat,  such 
a  beach  may  extend  from  the  moiitli  of  one  to  that  of 
tlie  other,  while  the  lagoon  behind  may  form  a  communi- 
cation like  a  canaj  between  the  two,  or  the  moutlis  of  the 
two  rivers  may  be  united  by  a  more  or  less  wide  strip  of 
marsh  and  lagoon.  These  lagoons  are  liable  to  be  filled  up 
by  sand  and  silt  carried  down  by  streams  from  the  higher 
grounds.  When  the  bottom  is  brought  up  to  the  level  of 
low  tide,  or  a  little  above,  tlie  seeds  of  the  mangi'ove  take 
root,  and  the  shoal  soon  becomes  covered  with  vegetation. 
Among  the  roots  of  the  mang;rove8  the  silt  of  the  water  is 
deposited,  and  the  sand-bank  is  overspread  by  a  layer  of 
soft  mud,  which  may  uici-ease  m  thickness  until  tlae  bank 
is  covered  only  at  high  water.  The  mangrove  in  Brazil, 
Florida,  and  elsewhere  is  a  very  efficient  agent  in  the  silt^ 
ing  up  of  marsh  lands  and  swamps ;  but  it  is  not  alone  in 
this  work.  It  flourishes  only  in  salt  or  brackish  water,  but 
after  a  time  much  of  this  swamp  land  becomes  covered 
with  fresh  water,  when  arborescent  arums,  reeds,  rushes, 
coarse  grasses,  and  other  aquatic  plants  tend  all  the  more 
to  choke  up  and  stagnate  the  water,  and  often  form  rafts  of 
vegetation,  on  which  small  trees  grow,  as  is  the  case  in  the 
fresh-water  lakes  and  lagoons  of  the  vicinity  of  Barra  Secca 
and  the  rivers  Sao  Matheos  and  Doce. 

On  the  coast  north  of  Rio  the  course  of  the  rivers  is  at 
right  angles  with  tlie  coast.  At  the  mouth  of  very  many 
of  tliem  a  branch  runs  off  both  north  and  soutli,  parallel 
with  and  close  to  the  shore,  and  in  some  cases  unituig  with 
a  similar  branch  from  a  neighboring  river,  though  usually  an 
impassable  swamp  prevents  a  complete  communication.  In 
some  cases  these  are  only  lagoons  fed  by  the  tide  and  rains ; 
but  occasionally  it  is  a  little  river,  which,  having  come 
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down  to  the  shore,  ia  obliged  to  flow  for  several  miles  be- 
hind the  beach  ridge  before  it  can  fmd  an  exit  to  tlio  sea  in 
the  moutli  of  a  larger  river.  An  example  of  this  kind  ia  the 
Italitinas,  already  described.  All  tlie  rivers  flowing  from  tlie 
interior  are  white-water  rivers,  but  the  Italiunaa,  probably 
having  its  source  in  the  swamps  of  the  chapadas  east  of  the 
serras,  is  a  black-water  river.  So  also  is  tlie  Mariricii,  and  so, 
in  general,  are  all  the  little  rivers  which  rise  either  in  tlie 
fresh-water  awamps  along  tlie  shore  or  come  from  the  cha- 
padas eastward  of  the  serras.  Advantage  has  been  taken, 
in  numerous  instances,  of  tlie  sfci'eams  and  lagoons  of  the 
low  lands  to  cut  canals  uniting  settlements  lying  on  two 
rivers ;  and  a  favorite  project  with  some  Brazilian  states- 
men has  been  that  of  opening  a  Ime  of  canals,  extending 
along  the  coast  from  Santa  Omz,  in  the  province  of  Espirito 
Santo,  nortliward  to  Caravellas.  .  I  consider  tlie  project  as 
impracticable,  and  that  good  roads  over  the  plains  of  the 
chapadas  would,  in  most  cases,  be  far  preferable. 

The  town  of  Caravellas  is  of  small  size.  It  owes  its  im- 
portance to  its  being  the  port  of  the  surromiding  country, 
and  to  its  whale-fishery,  described  in  the  last  chapter.  The 
town  is  built  on  a  sand-bank  a  few  miles  above  tlie  mouth 
of  tlie  river,  and  on  the  northei^n  side.  In  the  vicinity  are 
large  gi'oves  of  cocoa-palms. 

Contrary  to  the  general  rule,  the  river  Caravellas  just  be- 
fore reaching  the  coast  makes  a  bend  to  the  northward,  and 
enters  the  sea  very  obliquely.  The  channel,  narrow  and 
mai-ked  by  poles,  continues  for  several  miles  nortlieastward 
beyond  the  Ponta  da  BalSa.  There  is  anotlier  narrow  chan- 
nel running  eastward,  and  still  another  southward,  which 
last  doubles  sharply  round  the  point  on  the  southern  side 
of  the  river.  Between  these  channels  are  large  sand-banks, 
which  are,  in  some  cases,  visible  even  at  high  water. 


d  by  Google 


224  GEOLOGY   AND   PHYSICAL    GEOGRAPHY. 

Tlie  northward  bend  of  the  river  at  its  mouth  seema  to  be 
owing  to  the  prevalence  of  a  northward-aetting  current. 
Tlie  variation  of  the  cuiTent  through  the  tides  is  most  prob- 
ably the  cause  of  the  existence  of  the  other  two  channels. 
Off  this  coast  lie  the  coral  reefs  of  the  Parcel  das  Parades 
and  the  islands  of  tlie  Abrolhos,  already  described. 

The  shore  northward  to  Prado  is  low  and  flat,  a  long 
monotonous  sand-beach,  which  is  broken  by  the  Barra  Vclha, 
the  mouth  of  an  inconsiderable  stream,  and,  at  a  distance 
of  about  nine  miles  north  of  the  Ponta  da  Balea,  by  the 
Barra  do  Rio  Itanhaem,*  which  ia  a  small  river  like  the 
Peruhype,  ariaing  in  the  Serra  doa  Aymor^s.  At  ita  mouth 
this  river  bends  abruptly  southward,  and  flows  for  at  least 
a  couple  of  miles  almost  parallel  with  the  aearcoaat  before 
it  eacapea  into  tlie  ocean.  According  to  Prince  Neu-Wied 
manaii  have  been  captured  in  this  river.  Alcoba^a,  a  small 
town  of  very  little  importance,  is  situated  on  tlie  seaside 
between  the  river  and  the  beach.  Prince  Neu-Wied  says 
that  tlie  coimtry  about  Alcoba^a  is  healtliy,  but  tj\at  the 
climate  is  mipleasant  from  the  fi'equeney  of  strong  winda 
and  storms. 

Twelve  niilea  farther  north,  the  Eio  Jucurucu  empties 
into  the  sea.  This  stream  ia  formed  by  the  union  of  the 
two  branches  called  respectively  the  Brago  do  Norte  and 
Brago  do  Sul,  which  take  their  origin  in  tlie  Cordilheira 
dos  Aymor^B.  This  river,  like  tlie  Itanhaem,  on  reaching 
tlie  coast  is  obliged  to  flow  southward  for  two  or  three 
miles,  behind  a  beach  ridge,  before  escaping  into  the  sea. 

*  Accorfline  to  Dr,  Jose  CandWo  da  Costa,  in  his  pamplilet  entitled  "  A 
Comsirca  de  Caravellaa,"  s,  copy  of  ivliich  I  owo  to  tlie  Itindness  of  Sr.  LIcinn 
Lessa,  tho  Itanhaem  is  narrower  and  shalloiver  than  the  Penihj'pe.  Near  ita 
inoiirh  it  forms  a  litllo  basin.     It  is  snhjf;<;l  to  frcsiiets. 
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The  bar  of  the  river  allows  the  entrance  of  schooners  and 
small  vessels,  and  the  river  is  said  to  be  navigable  for 
small  vessels  (^sumacas)  for  a  distance  of  some  six  leagues. 
The  valley  of  this  stream  is  rich  in  lumber,  and  in  1857, 
according  to  Da  Costa,  almost  all  the  inhabitants  of  Hie  mw- 
nicipio  of  Prado  were  occupied  in  cutting  it.  The  town  of 
Frado,  anotlier  imimportaiit  place,  is  built  between  the  river 
and  tlie  sea  on  the  left  bank.  A  few  miles  noitli  of  tlie 
Prado  the  tertiaiy  bluffs,  which  from  the  Peruhype  have 
skirted  the  coast  at  a  greater  or  less  diatance  in  the  interior, 
come  down  to  the  sea,  and  tlience  to  Porki  Segnro  form 
a  long  stretch  of  pictiu'esque  perpendicidar  red  cliffe,  alter- 
nating witli  steep  slopes  covered  with  verdure,  and  occa- 
sional patches  of  sands  or  swampy  ground. 

From  the  sea  the  horizontal  bright  red  and  white  bands 
of  clays  are  distinctly  seen.  Near  Porto  Seguro,  as  well 
as  elsewhere,  I  observed  tliat  the  valleys  of  the  rivers  enter- 
ing the  sea  did  not  have  angular  sloping  sides,  but  their 
profile   as  seen  in  a  cliff  was  as  in  tlic  following  sketch, 


which  is  a  kind  of  topography  that  we  should  expect  to  see 
in  a  glaciated  surface.  The  bluffs  would,  I  should  judge, 
average  two  hundred  feet  in  height. 

About  forty  miles  north  of  Caravellas,  and  a  few  miles 
inland,  is  the  beautiful  group  of  hills  noted'  as  being  the 
first  land  of  America  seen  by  Cabral.     Tlie  most  conspicu- 
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ous  of  tliesc  hills  is  an  irregular  conical  peak  which  bears 
the  name  of  Monte  Pascoah*  Mouchez  seta  the  hill  dowu 
on  his  map  aa  536  metres  m  height,  but  I  should  judge  that 
it  was  much  higher.  These  hills  are  undoubtedly  gneiss, 
but  they  lie  far  back  in  tlie  vivgin  forest,  in  the  as  yet  un- 
explored home  of  the  savage  Botocudo.  The  appearance 
of  the  group  as  seen  fi-om  tlie  sea  is  represented  in  tlie 
following  ^foodcut.  Along  tliis  coast  several  small  rivers 
rising  in  the  Serra  dos  Aymor^s  empty  into  the  sea,  but  they 
arc  of  very  little  importance,  and  are  usually  incorrectly 
laid  dowu  on  maps. 


K^nPas  fi  hCbd  dB  n 

the  21st  of  Aptll,  A.  D.  1500.  Pedro  Vas  de  Camiiiba,  one  of  the  companions 
of  Cftbral,  has  described  the  evenla  connected  with  the  diseorery  in  aletter  writ- 
ton  on  the  1st  of  May,  1500.  This  writer  speaks  oflhoraonntMiias  very  high  and 
raand,  with  other  serras  to  the  soath,  together  with  flat  land  covered  with  large 
trees.  "  E  neste  dia  a  oraB  de  respora  ouremoa  vista  de  terra,  a  saber  :  prime!- 
rjunenta  de  huum  gramde  monte,  mny  alto  e  redondo,  e  doutros  serras  inais 
baixas  aho  Sul  dele,  e  de  leri'a  choa  com  graindes  arvorcdos  ;  alio  qiiaal  monte 
alto  ho  Capitam  pos  nome  ho  Monte  Pascoal,  e  aa  terra  ha  Tena  da  Vera 
Crua."  —  Corografia  Brasilica,  Tome  I.  p.  13.  A  Preiieh  translation  of  tliis 
letter  ia  to  bo  (bund  in  the  Art  de  V^rijia-  les  Dates,  Tome  XIII.  p.  4*1.  The 
original,  which  is  of  groat  interest,  is  preserved  in  the  government  archives  at 
Rio.  Caaai  says,  speaking  of  the  Serra  doa  Aymor^s  ;  "  Coja  'poi<;So  mals 
alta  he  o  Monte  de  Joam  da  Liam  [ JoSo  de  LeHoJ  e  mais  fdra  o  MonJe  Pascoal 
que  se  avisto  de  muicas  lequaa  ao  mar,"  This  Joao  de  LeSo  is  a  noted  land- 
mark, but  I  can  give  no  idea  of  its  height. 
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111  front  or  to  the  east  of  Monte  Pascoal  lies  the  great  reef- 
ground  of  the  Itacolumfs.  This  is  separated  from  a  low 
projecting  sandy  point  called  Ponfca  Cormnba  hy  a  very  nar- 
row hut  deep  channel.  A  few  miles  north  of  this  point 
is  the  Bio  Oraminuan  or  Oaxoeira,  which  is  noteworthy 
from  the  fact  that,  contrary  to  tlie  general  rule,  on  reach- 
ing the  coast,  instead  of  immediately  entering  the  sea,  it 
flows  northward  nearly  a  mile  close  to  the  sea,  but  sepa^ 
rated  from  it  hy  a  sand-bank,  showing  tliat  tlie  wash  of  the 
coast  sands  is  here  northward  instead  of  southward,  —  a  fact 
determined  by  the  reefs  lying  off  the  shore.  North  of  the 
Craminuan  are  tlie  Eios  Joasaema,  Frade,*  and  Taip^.  The 
village  of  Traiicozo  is  situated  on  the  coast  a  few  miles 
south  of  Porto  Seguro,  but  it  is  of  no  ■  importance  what- 
ever. 

At  Porto  SegurO  enters  the  Buranhaem  Biver,  a  stream  of 
moderate  dimensions,  which,  according  to  the  maps,  rises 
to  the  southwest  in  the  province  of  Minaa,  a  few  miles  from 
tlie  boundary  line.  Gferber  represents  this  as  a  considerable 
stream  flowing  through  a  large  lake  called  Gravatd,  distant 
some  tliirty  miles  from  the  sea,  and  communicating  witli  an- 
otlier  considerable  lake  about  half-way  between  tliis  and  the 
sea.  At  Porto  Seguro  I  was  informed  that  this  was  all  very 
incorrect ;  but  since  I  have  never  ascended  the  river,  I  can- 
not speak  authoritatively.    Tlie  stream  is  a  black-water  one, 

*  In  speaking  of  tlie  coast  between  Prado  and  Rio  do  Frade,  Max.  zn  Nea 
Wied  says;  "Als  ich  im  November  dieses  Jalires  noch  einmal  diese  Reise 
maclite,  Bind  id>  bei  starker  Ebbe  weite  Banke  von  Sand-  nnd  Kalk-Felaen, 
die  sich  tief  in  die  Sm  binans  eiretivcken,  and  wohl  grossentheils  durch  Corallen- 
TMere  gebildet  worden  sind.  Ihre  Obcrflache  ist  in  regelraassiEe  parallele  Eisse 
getheilt ;  in  den  voni  Wasfler  darin  ansgewasehenen  Lfiohern  lelien.  Krabben  nnd 
andere  See-Thiei-e  ;  dio  Obei-fliiclie  dieser  Felabanke  UlierBioht  aum  Theil  eine 
giUne  Bjssus-ai-tige  Masae."  —  Ptinz  Max,  zn  Ueu-Wied,  Heise  nacb  Biasilicn, 

BralerBand,  297"  Seito. 
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and  flows  in  a  deep  narrow  valley  cut  in  the  tertiary  beds. 
The  flat  lands  bordering  it  are  said  to  be  feiiile,  and  favor- 
ably situated  for  agricultural  purposes.*  The  forests  are 
rich  in  valuable  woods,  Pdo  Brazil,  Jacarandd,  &c.  Porto 
Seguro  is  quite  a  large  and  eommei'cial  town,  situated  on 
the  left  bank  by  tlie  seaside.  It  really  consists  of  two 
towiis,  one  built  by  the  river  and  seaside  on  a  broad,  flat, 
sandy,  and  marshy  tract,  and  part  on  tlie  top  of  the  bluff  on 
tlie  northern  side  of  the  valley.  The  lower  town  is  the 
business  portion  ;  the  upper  contains  tlie  ruins  of  ancient 
churches,  monasteries,  &c.  Porto  Segui'o  is  noted  as  tlie 
head-quarters  of  the  garoupa  fishery  of  tlie  Abrolhos.  It 
has  an  excellent  harbor,  protected  in  front  by  the  coral  reefs, 
which  break  the  force  of  the  Atlantic  waves,  and  by  a  reef 
lite  that  of  Pernambuco,  consisting  of  a  solidified  beach. 
This  last  begins  close  to  the  shore  a  short  distance  north  of 
tlie  mouth  of  the  river,  runs  like  a  wall  of  rock  hi  front  of 
the  river,  passing  close  to  the  point  on  the  soutliern  side, 
and  continues  on  to  the  southward  with  occasional  breaks 
for  a  distance  of  several  miles.  Its  course  is  remarkably 
straight,  and  its  height  and  widtli  are  very  regular-.  It 
forms  a  more  efficient  breakwater  to  the  harbor  tlian  the 
reef  at  Pernambuco  does ;  but  tliis  is  owing  pai'tially  to  the 
fact  that  the  sea  is  broken  by  the  outside  coral  reef  which 
stretches  across  the  moutli  of  the  bay  of  Porto  Seguro. 
Tlie  river  escapes  around  tlie  noi-thern  end  of  tlie  reef.  On 
tlie  inner  side  it  is  overhanging,  on  the  outer  perpendicular 
and  much  undermined,  as  represented  in  the  woodcut. 
As  elsewhere  its  surface  is  diversified  by  ponds,  in  which 
several  species  of  corals  grow.  The  northern  end  of 
the  reef  is  much  shattered,  cracked  up,  and  dislocated, 
«  Lirdloy  siijs  ihat  gold  was  found  on  one  of  tho  lirajiclics  of  this  river. 
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and  it  shoirs  that  thp  cementing  of  the  heich  sands  lias 
taken  plj.ce  to  i  leptli  of  imny  feet  Ijeluw  low  watei  lei  el 
Beyond  tiie  reef,  the  rock  slopes  out  with  a  smooth  lathcr 
even  snrface  to  a  considerahle  distance,  and  I  have  waded  out 
on  it  in  some  places  a  hundred  feet  or  more.  Its  limits  I 
waa  not  able  to  determine,  owing  to  the  surf.  On  the  out- 
side the  reef  below  low-water  mark  is  covered  with  a  growth 
of  corals.  Stony  corals,  HymenogorguB,  Euniaim,  and  the 
common  polyps  of  the  Abrolhos,  are  very  abundant  here. 
I  found  a  single  specimen  of  Mussa  Harttii  in  a  deep  in- 
dentation at  the  nortliern  extremity  of  the  reef. 

As  at  Fernambuco,  Bahia,  Barra  Secca,  and  elsewhere, 
the  rock  is  obhquely  laminated,  as  in  a  sand-beach,  the 
lamina  dipping  seawards  at  a  small  angle.  It  is  composed 
of  rather  fine  sand,  with  occasional  small  pebbles,  compactly 
held  together  by  a  calcareous  cement.  It  contains  an  abun- 
dance of  recent  shells,  Venus,  Cerithium,  Chama,  Slc,  &c., 
such  as  now  live  on  the  sea-beaches  of  tlie  vicinity.  On  the 
inside  the  reef-rock  is  of  little  thickness,  and  the  reef  is 
flanked  by  a  sloping  bank  of  mud,  on  which  a  few  man- 
groves have  taken  root.  Oysters  grow  here  on  the  rocks 
and  mangroves,  and  a  large  species  of  Littorina  is  very 
common,  being  found  even  in  the  ti-ees  at  a  height  of  four 
or  iive  feet  above  the  level  of  high  water.  This  same 
species  occurs  elsewhere,  and  I  have  observed  it  in  great 
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abundance  higher  than  I  could  reach  in  the  mangroves  at 
Santa  Cniz,  a  few  miles  nortli  of  Port  Seguro.  Crustaceans 
are  abundant  on  the  reef. 

Little  fiddlers  ( Gelasimus  palustris  Edwards)*  ai'e  very 
common  on  tlie  sandy  beaches  in  some  localities,  boring 
holes  in  the  aand.  There  are  larger  species  of  the  same 
genus  (^Gelasimns  Maracoani  Latreille)  with  a  nut-brown 
body,  and  one  of  tlie  hands  enormously  developed,  looking 
like  a  pair  of  broad-bladed  sbears.f 

On  tlie  shore  of  the  point  on  tlie  southern  side  of  the 
mouth  of  the  river  is  a  small  patch  of  beach,  which  is  only 
partially  consolidated.  This  is  separated  from  the  reef  by 
a  narrow  channel  almost  laid  dry  at  low  water.  Outside 
the  main  reef,  and  opposite  this,  there  are  the  remains 
of  probably  an  older  reef,  -which  has  elsewhere  been  ahnost 
entirely  obliterated.  Southwai'd  of  the  river  the  channel 
soon  widens  into  quite  a  broad  sheet  of  water,  and  the  reef 
is  left  running  at  a  distance  of  several  hundred  feet  from 
the  shove.  The  water  inside  the  reef  ia  shallow,  and  at 
low  water  one  may  wade  about  over  a  large  part  of  the 
area  and  collect.  The  bottom  is  sandy,  but  on  it  grows 
an  irregular  crust,  compoaed  of  miUepores,  corals,  bryozoaais, 
&c.,  which  forms  the  nestling-place  for  holothurians,  ophiu- 
rans,  crustaceans,  and  a  thousand  interesting  animals.  A 
large  naked  mollusk,  probably  Aplysia  Argo  D'Orb,  is  very 
common  here,  and  I  have  collected  a  dozen  specimens  in  the 
same  little  pool.    Inside  the  reef  the  water  is  deep  enough  to 

»  This  species  bears,  in  every  respect,  an  exeeedingly  close  resemblance  to 
<rar  norihorn  G.  voama  Dana.  Mr.  Sidney  I.  Smitli  considers  the  Braiilian 
species  as  identical  with  one  occnrring  in  the  Gulf  of  Mexico,  and  oron  bo  far 
north  aa  South  Carolina. 

t  These  fitldlers  are  called  by  the  fishermen  Chnaia  mnr^  (call  tide),  becanse  of 
their  congregating  at  Inw-water  mark  iinil  waving  their  big  claws. 
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admit  Teasels  of  ordinary  tonnage  and  tlie  coasting  steamera. 
The  reef  is  liigher  tlian  tiiat  at  Peniambuco,  if  I  judge 
rightly,  and  less  shattered ;  but,  as  above  remarked,  tlie 
Pernambuean  reef  is  exposed  to  the  full  action  of  the  sea. 
At  high  water  the  waves  also  break  completely  over  the 
Porto  Seguran  reef.  Prince  Neu-Wied  gives  a  sketch  of 
Porto  Segiiro  from  the  southern  point.  The  width  of  the 
river  is  very  much  exaggerated. 

The  line  of  tlie  tertiary  slopes  continues  on  witliout  inter- 
ruption to  Santa  Oruz ;  but  the  shoi-e  on  leaving  Porto 
Seguro  Boon  separates  itself  from  the  cliapadas,  and  forms 
a  considerable  point  of  land,  of  which  the  interior  seems  to 
be,  for  a  considerable  part  at  least,  swampy.  On  the  south- 
ern side  the  beach  is  backed  by  mangrove  swamps,  from 
which  tlie  water  is  drained  by  a  little  stream  tliat  flows 
across  the  beach.  In  passing  very  close  to  the  point  at  low 
tide,  I  observed  tliat  the  waves  were  breaking  along  a  line 
at  some  distance  from  the  shore,  i^  if  against  the  edge  of  a 
reef.  It  would  appear  that  the  point  has  been  formed  by 
the  filling  up  of  the  channel  behind  a  coral  reef  witli  sand. 
Santa  Cruz,  one  of  the  most  ancient  towns  of  Brazil,  and  at 
tlie  same  time  one  of  the  most  miserable,  is  built  on  the 
southern  side  of  Uie  mouth  of  the  little  river  Santa  Ci-uz, 
partly  on  the  top  of  the  bluif  and  partly  on  the  sands  at 
the  base,  between  the  bluffs  and  the  sea.  Though  it  has 
a  fine  harbor,  and  many  natural  advantages,  it  is  of  not 
■liie  slightest  importance,  and  is  only  a  miserable  little  fish- 
ing village.  It  is  situated  in  a  shallow  bay,  about  seven 
miles  long,  which  is  protected  by  coral  reefs,  that  extend 
across  it,  offering  anchorage  for  large  ships, 

Tlie  Rio  Santa  Craz,  anciently  called  Joao  de  Tiba,  be- 
longs to  the  same  class  of  rivers  as  the  Buraiihaom,  liut  it 
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is  a  smaller  river.  It  is  said  to  rise  in  the  Serra  dos 
Aymores,  to  have  a  course  of  about  ten  leaguea,  and  to  he 
navigable  for  a  considerable  distance  for  canoes.  It  is  laid 
down  incorrectly  on  maps.  At  Santa  Cruz  I  was  uiformed 
that  ita  course  was  such  as  to  cause  it  to  approach  the  Je- 
quitinhonha,  fi'om  whieli,  at  Zinobra,  it  is  separated  by  only 
a  very  short  distance,  and  I  was  informed  that  it  would  ad- 
mit of  navigation  up  to  tiiat  point  by  a  small  river  steamer. 
Prince  Neu-Wied  says  tliat  tlie  river  has  two  branches,  and 
that  the  head-waters  of  one  of  them  lie  so  near  the  Jequi- 
tinhonha,  that  the  report  of  a  gun  can  be  heard  across  the  in- 
tervening space.  The  valley  of  the  Santa  Cruz  is  of  the  same 
character  as  that  of  the  Buranhaem.  It  is  fertile  and 
richly  wooded,  furnislung  building  timber  and  some  Jaca- 
randd,  and  Pdo  Brazil.  It  is  noted  for  the  abundance  of 
canna  fistula  (^Cassia  nigra),  a  tree  valuable  for  its  medici- 
nal properties. 

The  river  on  reaching  t!ie  sea  is  prevented  from  flow- 
ing immediately  into  it  by  a  recife,  or  consolidated  beach, 
which,  beginning  on  the  shore  just  to  the  soutli  of  the  vil- 
lage, continues  in  the  trend  of  the  beach,  wliich  is  nortli 
a  few  degrees  east,  witli  an  occasional  brealf  for  a  distance 
of  about  two  miles,  the  river  flowing  behind  it  and  escaping 
around  its  northern  extremity.  At  low  water  the  breakers 
show  tliat  tire  reef  is  continued  under  water  witli  the  same 
general  trend  nortliwards,  tymg  in  with  a  reef  wliicli,  be^ 
ginning  at  a  point  about  a  mile  north  of  the  river-mouth, 
fringes  the  beach  for  more  than  half  a  mile,  as  represented 
m  the  accompanying  slcctch-map  of  the  bays  of  Santa  Cniz 
and  Cabral,  in  which  not  only  tlie  stone  but  coral  reefs  are 
shown.  Mouclioz  has  very  incorrectly  represented  the  har- 
bor  in   liis   chart,      Tlirough   the   kindness   of  my  friend 
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Hugli  Wilaon,  Esq.,  superintendent  of  the  Bahia  Steaui 
Navigation  Compauy,  I  was  enabled  to  revisit  Santa  Cruz 
in  1867,  and  to  correct  Moucliez's  chart  by  drawings  made 
from   the  top  of  the   oil     huich   on  thf   1  luff    and  these 
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town  tlie  reef  clings  to  the  shore,  thongli  there  is  a  channel 
behind  it  filled  at  high  water.  The  reef  is  much  shattered, 
and  great  blocks  lie  tumbled  about  in  confusion,  broken 
froin.it  by  tlie  waves.  For  a  distance  of  a  milo  or  so 
north  of  the  village  tlie  reef  is  backed  by  a  narrow  strip 
of  mangi-oves.  There  is  then  a  narrow  break  in  the  reef, 
forming  a  sort  of  bar,  into  which  very  small  vessels  may 
enter  at  high  water.  Thence  to  the  barra  the  reef  is  backed, 
almost  to  tlie  end,  by  a  wider  strip  of  mangroves.  At  tlie 
exti-eraity  the  reof  is  double,  the  remains  of  an  older  reef 
being  visible  on  the  outer  side.  An  example  of  a  triple 
reef  is  represented  in  the  cliart  of  the  month  of  the  Rio 
Parahyba  do  Noi'te,  published  in  the  old  work  of  Barlteus, 
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in  IGIdO.*  I  have  never  seen  this  reef,  and  know  notliing 
of  its  present  appearance.  The  bar  of  tlie  Santa  Cruz 
is  good,  and  may  he  safelj  entered  by  coasting  steamers  or 
large  Tessels.  At  the  time  of  my  last  visit  I  saw  a  brig 
lying  behind  the  reef  at  the  bar.  There  is  suiBcient  water 
to  enable  steamers  and  vessels  of  considerable  size  to  go 
up  to  the  town.  This  harbor  could  be  very  much  improved 
by  stopping  up  the  channels  by  which  pai-t  of  tlie  river  water 
escapes  near  the  town  as  well  as  the  break  in  the  reef  above 
described.  This  would  cause  the  whole  force  of  the  stream 
to  be  expended  on  tlie  proper  channel  of  the  river,  and  it 
would  in  this  way  be  kept  from  being  filled  up  by  mud  and 
sand  banks.  Tlie  country  in  the  vicinity  of  Santa  Cruz, 
embracing  the  region  of  the  Jequitinhonha,  is  so  naturally 
rich,  that  as  tlie  coast  becomes  settled  it  must  one  day  be 
developed,  and  one  cannot  doubt  that  Santa  Cruz  will  ulti- 
mately become  the  port  of  the  Jequitinhonha,  and  a  place 
of  much  importance.  From  Santa  Cruz  the  bluifs  mn 
northward,  following  close  to  tlie  shore,  witli  occasionally 
some  sandy  tracts  in  front,  but  they  gradually  trend  off 
from  tlie  coast  and  cross  tlie  Jequituihouha  between  Zinebra 
and  the  Po-assii. 

A  few  miles  north  of  the  Santa  Cruz  is  the  Rio  Sant' 
Antonio,  a  little  black-water  river  of  no  account.  About  a 
mile  and  a  half  nortli  of  this  river  1  saw  exposed  at  low 
water,  in  a  little  bay,  an  area  of  several  acres  of  dead  coral, 
principally  Acanlhastrtsa.  &c.,  in  silu,  but  much  worn  by 
the  waves.  These  corals  must  have  grown  when  the  sea 
bottom  over  this  region  stood  at  a  considerably  lower  level 
tlian  at  present,  for  I  have  seen  them  nowhere  living  at  a 

*  For  a  reduccil  copy  of  a  part  of  the  chart  of  Bai'Iieus,  as  well  as  a  recent 
8k«teli  map  after  AlmdJa,  sec  chapter  on  the  Province  of  Parahyba- 
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level  where  tliey  would  be  likely  to  be  exposed  at  low  water. 
When  they  were  growing  the  sands  forming  the  low  grounds 
bordering  the  coast  here  could  not  have  had  so  wide  an 
extension  seawards.  This  reef  patch  has  evidently  been 
killed  by  the  joint  rise  of  the  coast  and  tlie  encroachment 
of  the  shore  sands.  I  collected  on  the  shore  here  a  great 
number  of  specimens  of  the  pancake  sea-urchin  (Encope 
emarginaius),  so  common  hi  the  Bahia  de  Todos  or  Santos, 
Neu  "Wied  speaks  of  the  great  abundance  of  this  echinoid 
on  tlie  slioi-e  near  Sant'  Antonio.  He  refers  it  to  Echinus 
pentaporus,  or  as  he  writes  it,  Eschinus  pentaporus. 

Thence  northward  the  coast  is  bordered  by  a  nai-row 
strip  of  plain,  whicli  widens  as  the  bluffs  recede  from  the 
coast,  and  linaUy  opens  out  into  broad,  sandy  carapos,  which 
extend  from  the  Mugiquisaba  River,  a  small  black-water 
stream,  to  Belmonte.  It  is  interesting  to  observe  how  tliia 
whole  plain  has  been  added  to  the  coast,  by  the  throwhig 
up  by  the  sea  of  the  sands  of  the  Jequitinhonha,  and  more- 
over that  this  growtli  has  taken  place  to  tlie  south  of  the 
river  rather  than  to  the  north,  because  of  tlie  sweeping  of 
the  sands  southwards  by  the  oblique  beat  of  tlie  waves,  and 
perhaps  bj  the  drift  of  a  southward  flowing  current.  In 
going  northward  from  the  Mugiquisaba  to  the  Jequitiuhonha 
the  water  gradually  shallows.  The  result  is  that  tlie  surf 
beats  more  heavily  on  the  southern  part  of  this  coast, 
and  we  find  a  high  beach-ridge  developed,  while,  near  the 
mouth  of  the  Jequitinhonha,  the  water  growmg  shallow, 
the  bottom  is  disturbed  fartlier  out  by  wave  action,  and  tlie 
sands  are  constantly  being  driven  in  shore  to  widen  the 
plain,  and  of  course  extraordinarily  heavy  storms  are  here 
likely  to  throw  up  beaches  outside  tlie  present  shore  line. 
The  plain  consists  of  a  large  number  of  parallel  beaches, 
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one  lying  in  front  of  the  other,  sometimes  united,  at  others 
sepai'ated  by  miniature  valleys,  occasionally  only  a  few  feet 
in  width,  but  often  continuous  for  a  considerable  distance. 
Many  of  tliese  beaches  have  tlieir  slopes  almost  as  perfect 
as  if  it  were  but  yesterday  that  tliey  were  swept  by  the 
■waves.  In  the  depressions  water  accumulates,  sometimes 
foi-ming  sliallow  lagoons.  The  present  beach  on  going 
southward  from  the  barra  separates  itself  from  the  plain, 
and  at  the  same  time  iiici-eases  in  height  as  the  surf  action 
becomes  heavier.  Behind  this  beach  is  a  noi'row  river-like 
lagoon,  called  the  Lag6a  do  Era^o.  This  is  at  first  narrow 
and  shallow,  but  to  the  south  it  deepens  and  widens  as  the 
beacli-ridge  becomes  separated  from  the  plain.  Its  waters 
are  fresh  and  cleai',  and  very  rich  in  fish.  CambSas,  or 
fish-weirs,  are  common  along  its  shores,  which  are  muddy, 
and  to  a  very  large  extent  support  a  luxuriant  growth  of 
mangroves  and  guastima-bushes.  In  making  a  voyage  to 
Porto  Seguro  my  companion  and  I  became  separated  from 
our  baggage  troop,  which  was  following  the  beach,  and, 
takitig  a  road  on  tlie  western  side  of  the  Lag6a,  were  un- 
able to  cross  it  anywhere,  because  of  the  swampy  nature  of 
the  banks  and  the  deptli  of  the  water.  Prince  Neu-Wied 
says  that  about  one  half  of  the  way  between  Mugiquisaba 
and  the  Jequitinhonha  is  the  barra  where  a  dried-up  arm 
of  the  latter  river  once  emptied  into  the  sea.  By  the 
dried-up  arm  he  probably  means  the  LagSa  do  Brago,  which, 
as  he  travelled  along  tlie  sea-beaoh,  he  probably  did  not  ex- 
amine, as  he  says  notliing  about  it.  I  saw  no  outlet  to  the 
LagSa.  Wlien  swollen  it  may  break  through  the  beach 
ridge,  as  is  the  case  with  other  seaside  lagoons.  It  ap- 
pears to  be  drained  principally  by  the  slow  percolation  of 
its  waters  through  the  beach  into  the  soa. 
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Tlie  plain  is  to  a  large  extent  open  and  very  sparsely 
covered  witli  coai'se  grass,  broracliaecoua  plants,  cactuses, 
(fee,  witli  here  and  there  clumps  of  trees.  The  Aricur^ 
palm  is  very  common  on  this  plain,  together  with  the 
pretty  dwarf  Gurirf.  This  latter,  all  along  tlie  whole  coast, 
is  found  growing  on  and  just  back  of  tlie  sea-heaches,  and 
is  one  of  the  marked  elements  of  the  beach  flora.  The 
Piassaba  palm  (^Ailalea  funifera  Mart.)  flourishes  on  the 
Mugiquisaba,  as  remarked  by  Neu-Wied.  I  have  not  seen 
it  south  of  this  point.  Cactuses,  witli  procumbent  pris- 
matic stems,  form  large  patches  on  tlie  sands.  Aiiotlier 
very  characteristic  jilant  of  the  coast  sands  is  the  Ipomcea 
lUtoralis,  a  convolvulaceous  plant,  with  long,  tliiek,  cord-like 
creeping  branches,  pink  blossoms,  and  large  thick  oval 
leaves.  Tliis  plant  grows  sometimes  on  the  beach  almost 
within  reach  of  the  waves,  and  its  prostrate  stems  are  often 
buried  by  tlie  sands. 

Tlie  right  bank  of  the  river,  for  some  eight  or  ten  miles 
above  its  mouth,  is  very  low  and  liable  to  be  flooded.  A 
veiy  large  part  consists  of  mangrove  swamps.  The  Po- 
assu  *  is  a  very  naiTow  diteh-Iike  cana!  which  rmis  through 
the  alhwial  grounds,  leading  off  part  of  tlie  waters  of  the 
Jequitinhonha  into  a  small  black-water  river  called  the 
Salsa,  which  flows  into  the  Pardo.  So  much  higher  do 
the  waters  of  the  Jequitinhonha  stand  above  those  of  the 
Pai'do,  that,  though  the  tide  rises  and  falls  in  the  latter 
river  where  the  Po-assu  enters  it,  there  is  a  constant  flow 
of  water  from  the  Jequitinhonha  into  the  Pardo.  The 
Po-assii  is  so  narrow,  tortuous,  and  filled  up  witli  trees,  that 

*  This  name  is  Tnpi.  Pa-apl  means  leji  hand,  so  that  it  might  mean  left- 
hand  channel.  Yg-apd  means  a  swamp.  I  am  indineii  to  think  tliat  the  name 
was  first  Yg-apd-o^,  or  the  great  sieamp,  ivhich  hfis  since  passed  to  the  cunal. 
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its  euiTeut  is  measurably  slackened,  else  it  would  sweep  out 
for  itself  a  broader  channel  and  draw  oif  a  larger  quantity 
of  water  from  the  Jequitinhonha.  What  the  consequence 
of  this  would  be  I  shall  state  further  on.  The  soil  of  tlie 
grounds  bordering  the  Po-assu  is  massap^,  and  supports  a 
very  vigorous  and  tliiek  forest  gi'owtli.*  Prom  tlie  Salsa,after 
haying  received  the  Po-assu,  side  arms  stretch  out  eastward 
into  the  flat  grounds  lying  between  it  and  tlie  sea.  The 
whole  area  embraced  between  the  Pardo  and  Jequitinhonha, 
the  cross-stream  and  the  sea,  is  one  vast  swamp,  compar- 
able to  tliat  which  lies  between  the  Peruhype  and  the 
Cai'avellas  ;  the  Po-assu  being  comparable  to  the  Braco  de 
Vi^osa,  both  the  Po-assfi  and  Bra^o  being  channels  by 
which  the  waters  of  a  river  with  an  inefficient  mouth- 
opening  are  enabled  to  escape  into  the  sea  througli  the 
mouth  of  another  river.  There  are  some  quite  extensive 
sandy  tracts  in  this  area  and  along  the  coast.  These  are 
planted  with  groves  of  cocoa-palms,  from  the  fruit  of  which 
cocoa-oil  is  to  some  extent  manufactured.  A  large  ti-act 
lying  northward  of  the  Salsa,  and  embraced  between  it 
and  the  Pardo,  is  of  the  same  chai-acter.  The  Pardo  is  a 
large  river,  and  has  a  bar  on  whicli  the  waves  beat  fearfully, 
but  it  usually  admits  at  high  water  of  the  passage  of 
steamers  mider  the  proper  pilotage.  The  Pardo  does  not 
bring  down  so  much  sediment  as  the  Jequitinhonha,  its 

*  In  the  fbrcBt  of  the  Fokssu  the  Qwtdia  (Desmoncns)  a  trailing  palm, 
is  exceeJinglj  common,  interwoien  witli  the  tiees  I  saw  it  in  fmit  enrly 
in  May,  The  fniit  is  round  al>out  the  size  of  a  small  thciry,  briglit  red, 
and  in  chifteis  liko  gripes  This  is  a  common  species  found  in  tlie  Catinga 
woods  on  the  low  grounds  along  the  coast,  sometimes  m  snch  great  abundance 
as  to  be  a  nuifaiK^  tor  it  hangs  its  pendant  leaves,  termmaled  ivith  hooka,  over 
the  miile-patli.  The  name  Quitara  is  the  one  given  it  l>j  nij  guide.  On  tlie 
Eio  Negro  the  Dosmoncns  macroacanthtis  is  called  Jacitdra. 
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channel  ia  deeper,  and  the  tide  nms  np  the  river  for  quite  a 
number  of  miles. 

Just  before  entering  the  sea  the  river  makes  a  l)end  soutli- 
ward,  and  the  barra  is  really  cut  through  a  strip  of  sand-beach 
wliich  forms  tlie  shore  for  a  long  distance  north  and  south. 
A  wide  channel,  or  riaclio,  leaves  tlie  river  on  the  south  just 
before  it  cuts  tlirough  the  sand,  and  rims  through  tlie  man- 
grove swamps  for  a  considerable  distance  southward.  In 
journeying  from  Cannavieiras*  to  Belmonte  I  followed  this 
route.  My  companion  and  I  took  canoe  up  this  riacho  as  far 
as  was  possible,  then  coming  to  a  sandy  tract,  we  chose  tlie 
sea-shore  for  some  distance,  when  we  embarked  in  a  canoe  on 
another  riacho  which  led  soutliward  to  the  Jequitinhonha,  a 
dismal,  but  to  tlie  naturalist  exceedingly  interesting  journey. 
There  was  a  perfect  network  of  channels  leading  tlirough 
the  dense  mangrove  growth,  and  for  some  distance  little 
land  was  to  be  seen.  The  mangroves  standing  in  the 
mud  or  dirty  water,  with  their  bared  basal  roots,  their  fre- 
quent aerial  roots  hanging  ropeUke  from  the  branches,  and 
just  before  reaching  the  soil  forking  like  tripods,  their  dense 
green  foliage  meeting  overhead,  and  their  curious  cigar- 
shaped  seeds  pendent  in  the  tree  or  occasionally  sticking 
upright  in  the  mud,  were  objects  of  wonder  and  admira- 
tion ;  but  among  their  roots  innumerable  fuzzy  and  muddy- 
legged  Guayamli  crabs  glared  at  us  witli  expressionless  eyes, 
and  then  hustled  away  into  their  holes  in  the  black  mud. 
Beautiful  orange  Arattis,  witli  white  fingers,  lay  like  rich 
fruit  fallen  from  the  trees ;  but  tliey,  too,  took  fright  and 
ran  nimbly  oif  to  their  holes,  or  hid  in  crevices  under  the 
roots,  while  myriads  of  fiddlers  marched  away,  waving  their 

*  This  is  the  iisual  ovthograplij',  but  one  meats  with  Caaaviecra,  Canameiras, 
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big  arms,  and  took  refuge  in  the  saiidy  spots.  Parrots  * 
screamed  among  the  branches ;  but,  peste .'  mosquitoes  and 
all  tlie  horrible  blood-sucking  race  of  Maroims,  Fiums, 
&c.,  swarm  ;  and,  how  ardent  soever  the  naturalist  may 
be,  his  patience  can  ill  stand  the  plague  of  flies  that  falls 
upon  him  in  these  swamps.  Tlie  air  of  the  swamps  is 
very  unhealthy,  and  tlie  vicinity  of  jBebnonte  and  Oanna- 
vieiras  is  feverish.  Tlie  town  of  Cannavieira^  is  situated 
on  the  left  bank  of  the  river,  just  above  tlie  mouth.  It 
is  built  on  an  old  beach,  an  island  suiTounded  by  a  chan- 
nel, wliicli,  leaving  the  nver  some  distance  above  the  town, 
enters  it  agahi  just  before  the  river  reaches  tlie  sea.  Tlie 
town  is  quite  a  considerable  place,  numbering,  perhaps,  two 
thousand  inhabitants.  It  derives  its  chief  importance  from 
tlie  fact  that  it  is  tlie  port  of  the  Jeqnithibonha  and  Pardo, 
and  is  one  of  the  stations  of  a  line  of  steamers.  Canoes  de- 
scending the  Jequitinhonha  do  not  go  to  Belmonte,  but  come 
here  by  way  of  the  Po-assu  and  Salsa,  to  exchange  the 
cotton,  com,  and  otlier  articles  of  export  of  Minas  and  the 
lower  river  for  salt,  dry  goods,  &c.  Tlie  salt  trade  is  very 
large.  In  descending  the  Jequitinhonha,  we  passed  every 
day  several  large  canoes  on  the  up  voyage,  the  most  of 
them  carrying  salt. 

Ifc  has  been  proposed  to  straighten  and  widen  the  Po-assu, 
so  as  to  facilitate  the  navigation  between  the  two  gi'eat 
rivers.  At  present  the  waters  of  the  Pai-do  during  the  annual 
freshets  ■wear  away  the  unstable  land  on  which  Caunavieiras 
stands.  "Were  the  Po-assii  widened  and  a  free  passage  opened 
for  the  waters  of  the  Jequitinhonha,  the  result  would  prove 
disastrous  to  Caunavieiras  as  well  as  to  Belmonte.    At  pres- 

«  Psi'ttacus  ochrocephalaa  Linn,  bnilds  ita  nest  in  the  mangroves.    Sec  Ken 
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ent  the  struggle  between  river  and  sea  is  only  sufficient  to 
keep  the  bar  of  the  Jequitinhonha  open.  Draw  off  any  con- 
siderable part  of  tlie  water  of  tliat  river,  and  it  is  veiy 
doubtful  whetlier  its  bar  would  not  become  a  permanent 
obstraetion  to  navigation,  while  the  sands  of  the  Jequi- 
tinhonha, thrown  into  the  Pardo,  would  probably  shoal  tlie 
water  and  render  its  bar  worse.  Santa  Cruz  13  the  natu- 
ral port  of  the  Jequitinhonha,  and  it  would  certainly  seem 
that  tlie  coinnier(,e  of  the  Jequitinhonha  would  be  vastly 
improved  by  using  the  liver  Santo  Cruz  so  far  as  it  ia 
navigable  by  steamers,  and  then  building  a  good  wagon- 
road  thence  to  the  Jequitinhonha. 

The  Pardo  is  joined  -witli  the  Poxim,  a  small  river  said 
to  take  its  rise  in  a  large  lake,  and  whose  barra  is  a  few 
miles  north  of  that  of  the  Pardo,  by  a  narrow  arm  running 
parallel  with  and  close  to  the  shora,  and  called  tlie  Patipe. 
Cannavieiras  itself  ia  situated  on  an  island  formed  by  a 
channel  called  the  Eio  Sipii  which  leaves  the  Pardo  and 
joins  the  Patipe.  Tlie  Poxim,  just  before  it  unites  with  this 
last  river,  subdivides  and  enters  the  sea  by  two  mouths,  one 
of  which  is  called  the  Barra  do  Patipe,  and  tlie  other  on 
the  north  the  Barra  do  Poxim.  One  or  two  channels 
continuing  northward  from  the  Poxim  like  the  Patipe, 
running  just  uiside  the  coast  line,  empty  into  the  sea  a 
couple  of  leagues  to  the  north  at  the  Barra  de  Com- 
mandatuba.  This  whole  coast  ha«  been  very  indifferently 
mapped  inside  the  coast  line.  The  Jequitinhonha  and 
Pardo  are  often  shown  as  entering  the  sea  hy  the  same 
mouth. 

The  map  of  Senhor  Henrique  Gerber,  so  excellent  for  the 
provinces  of  Minas  Geraes,  Rio  de  Janeiro,  and  Espirito 
Santo,  is  exceedingly   defective  so  far  as  tlio  province   of 
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Bahia  is  coiieerned ;  but  it  must  be  remembered  that  his 
map  does  not  pretend  to  be  a  map  of  Bahia. 

This  part  of  tlie  coast  is  better  shown  on  the  map  of  the 
Tenente  Manoel  Ernesto  de  Souza  Franca,  published  in  the 
report  of  the  President  of  Bahia  in  1866  ;  but  even  tliis 
only  gives  the  general  features,  and  is  not  based  on  a  care- 
ful survey. 

According  to  Prince  Neu-Wied's  edition  of  Arrowsmith's 
Map  of  the  Brazilian  Coast,  no  connection  is  shown  as  exist- 
ing between  the  Jequituihonha  and  Pardo,  and  the  latter 
river  is  represented  as  dividing  into  three  a  long  distance 
from  the  coast,  two  of  wlrich  unite  before  entering  the  sea, 
while  the  Poxim  and  Commaudatuba,  though  joined  to- 
gether, have  no  connection  with  the  Pardo. 

The  Dicdonario  Geograpkico  declares  that  the  Rio  Pardo 
divides  into  two  streams,  one  of  which  enters  the  sea  under 
the  name  of  tlie  Pio  Pardo,  the  other  emptying  into  the  Bay 
of  Ilh^os  under  the  name  of  Cachoeira  or  Patipe,  which 
is  all  simply  ridiculous. 

Mr.  Copeland  and  I  ascended  the  Pardo  to  the  head  of 
canoe  navigation,  a  journey  of  about  three  days,  and  tlie 
following  notes  were  made  on  tlie  return  voyage. 

At  the  Caxoeirinha  do  Rio  Pardo  the  river  reaches  the 
low  country  anji  becomes  ario  de  areia.  Here  navigation 
is  obstructed  by  a  series  of  rapida  caused  by  tlie  river  falling 
over  ledges  of  slate  conglomerate,  of  which  the  dip  was 
found  to  be  45°  to  tlie  S.  10°  W.,  a  dip  corresponding  with 
that  of  no  otlier  strata  I  have  studied  on  the  Brazilian 
coast.  The  material  is  a  very  highly  altered  conglomerate, 
composed  of  pebbles  of  milky  quartz,  granite  with  quartz  in 
lamellEe,  &e,,  imbedded  in  a  slaty  mass.  The  rock  is  ex- 
ceedingly hard,  and  appeai^s  to  resist  decomposition.     The 


d  by  Google 


PROVINCE   OF  BAHIA.  243 

stratiiicatioii  ia  not  yery  distinct.  On  the  water-woni  sur- 
faces the  pebbles  stand  out  very  promuiently,  hut  a  fracture 
passes  straight  through  pebbles  as  well  as  cement.  At 
tlie  Caxoeirinha  these  rocks  are  overlaid  by  tertiary  beds, 
which  form  plains  elevated  three  hundred  feet,  more  or 
less,  above  the  river,  and  which  descend  with  very  steep 
slopes  to  the  stream.  The  alluvial  deposits  along  the  river 
reach  a  height  of  about  twenty-five  feet  above  the  river 
level.  During  the  enchente  these  are  sometimes  at  least 
overflowed.  The  lands  here  are  very  fertile,  and  the  whole 
country  appears  to  be  densely  wooded,  but  uninhabited. 

Slate  conglomerate  and  sandstone  continue  to  show  tliem- 
selves  in  the  river-bank  for  a  mile  or  more  below  the  Caxoei- 
rinha, when  to  these  rocks  succeeds  a  fine-gi'ained  bluish 
slaty  rock,  an  altered  shale,  in  which  I  coidd  find  no  trace 
of  fossils. 

A  few  rods  above  the  fazenda  of  Sisterio  there  are  some 
ledges  of  a  fine-grained,  very  hard,  bluish,  compact,  altered 
sandstone,  with  occasional  bands  of  grit  and  conglomerate, 
and  often  very  beautifully  obliquely  laminated.  In  this  rock 
I  observed  remains  of  plants,  and  one  surface  of  rock  had  tlie 
impressions  of  several  stems  of  a  thick-noded  equlsetaceous 
plant.  One  stem  showed  three  nodes  and  another  two,  the 
length  of  the  internodes  being  about  three  inches.  Owing 
to  the  hardness  of  the  rock,  I  was  able  to  bring  away  only 
the  impression  of  a  single  node.  This  plant  resembles  in  its 
swollen  nodes  a  plant  not  uncommon  in  the  upper  Devonian 
rocks  of  St.  John,  New  Brunswick,  and  called  Asterophyl- 
lites  ?  scuiigera  Dawson.  These  beds  appear  to  me  to  he 
palfeozoic. 

Below  this  point  the  river  valley  becomes  wider  and  the 
alluvial  lands  more  extensive,  though  ilie  river  itself  is  not 
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80  very  wide,  as  it  averages  for  a  considerable  distance  only 
about  three  hundred  feet.  The  country  is  abundantly  for- 
est-clothed, and  the  river-banks,  which  are  very  fertile,  are 
more  or  less  cultivated,  several  large  fazendas  being  scattered 
along  tlie  river.  Some  of  these  are  veiy  picturesquely  situ- 
ted,  and  are  surrounded  by  orange,  banana,  jack  and  eocoa 
trees.  Cac&o  (  Theobroma  Cacao)  is  quite  extensively  cul- 
tivated here.  Tliis  plant  is  a  native  of  the  Amazonas,  where 
it  flourishes  almost  witliout  culture ;  *  the  cacaoeiros,  when 
once  tlieyhave  begun  to  bear  fruit,  i-equiring  little  care.  It 
needs  a  warm  damp  climate  and  a  rich  alluvial  soil,  and 
appears  to  suffer  nothing  from  an  occasional  freshet.  South 
of  the  Amazonas  it  is  cultivated  but  rarely,  though  even  in 
the  province  of  Bahia  there  are  some  quite  large  plantations, 
especially  at  Illi^os  on  the  Pardo,  and  at  Valen^a.  I  saw 
no  cacdo  in  tlie  province  of  Espirito  Santo.  A  little  is  cul- 
tivated in  tlie  province  of  Eio  de  Janeiro,  In  the  Amazon- 
ian region  the  fruit,  when  ripe,  is  collected  twice  a  year 
and  dried  in  the  sun  ;  the  seeds  are  then  separated  from  tlie 
shells,  and  are  employed  principally  for  the  manufacture  of 
chocolate  or  other  preparations  for  beverages.  They  furnish 
a  tliick  yellow  fatty  substance  which  is  sometimes  extracted 
and  used  for  vajious  purposes. 

Coffee  does  not  produce  well  here.  The  trees  grow  very 
rank  and  high,  with  spreading  branches ;  but  the  berries  ripen 
very  unequally,  and  not  unfrequently  have  to  be  gathered  six 
times  during  the  year.  This  is  owing  to  the  peculiar  climate 
of  the  region.  In  Hio  de  Janeiro,  Minas,  and  elsewhere, 
tliere  are  well-defined  wet  and  dry  seasons  during  the  year, 
and  these  appear  to  be  necessary  for  the  successful  culture 
of  coffee  ;  but  here  on  the  Pardo  a  very  large  quantity  of 
*  Sec  Bate,  The  Natiii-.ilist  on  tlic  Amviioiis,  jiy,  87  and  162, 
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rain  falls,  and  is  distributed  tliroughout  the  entire  year, 
making  the  climate  very  damp,  so  tliat  wliile  it  is  especially 
adapted  for  the  culture  of  caeio  it  does  not  do  for  coffee, 
On  the  higher  chapada  lands,  however,  where  the  soil  is 
sandy  and  drier,  coifce  and  cotton  may  be  cultivated. 
Alluvial,  flat,  damp  lands  are  nowhere  proper  for  coffee, 
which  flourishes  beat  on  hillsides. 

The  jack  QA7-tocarpus  Braziliemis  Gom.)  is  cultivated 
in  Brazil,  particularly  in  the  province  of  Baliia  and  to  tlie 
nortli,  though  I  have  seen  it  at  SSo  Matheoa,  and  occasion- 
ally as  far  south  as  Rio.  It  also  occurs  ui  Minaa  Geraes, 
but  in  Uie  province  of  Baliia  it  becomes  of  considerable  im- 
portance. The  timber  is  valuable  for  building  purposes,  being 
very  durable  and  ati'ong.  The  fruit  is  immense,  being  some- 
times a  foot  and  a  half  in  tlie  longer  diameter.  It  consists 
of  a  stringy,  mucQaginous,  sweet,  and  nutritious  pulp,  in 
wliich  are  imbedded  large  seeds,  which,  when  cooked,  are 
edible  and  nourishing,  and  are  largely  used  for  food.  In 
some  pai'ts  a  kind  of  farinha  is  prepared  from  them,  but 
its  use  is  by  no  means  general.  The  Fruita  pao  or  bread- 
fruit, Artocarpus  incisa,  is  also  cultivated  in  Brazil,  and 
may  be  seen  very  frequently  in  the  province  of  Bahia, 

The  forests  on  the  banks  of  the  Pardo  remind  one  of  tlie 
I)oce  in  their  luxm-iance.  The  trees  by  the  river-side  are 
loaded  witli  parasites  and  interlaced  with  pendent  rope-like 
cijif^s.  Ferns  are  very  numerous,  and  one  species,  witli 
beautiful  fringed  pinme,  climbs  up  the  trees  to  a  height  of 
forty  feet  or  more.  One  sees  here  a  species  of  grass  called 
Capim  da  Colonia,  (an  exotic  ?)  which  has  been  introduced 
on  tlie  Pardo,  and  has  spread  within  the  last  few  years 
quite  extensively  over  the  river-banks.  At  the  Estreito 
tliere  is  an  isolated  patch  of  tertiary,  but  below  that  the 
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laiitls  bordering  the  river  are  all  low,  A  short  distance  be- 
low the  Purado,  a  channel  cut  across  a  bend  in  the  river, 
the  lands  become  lower  and  less  heavily  wooded,  and 
aninga  and  Guaxuma  bushes  appear  on  tlie  banks,  —  an 
infallible  sign  of  the  approach  to  salt  or  bracldsh  water. 
There  is  a  fern  common  to  the  mouths  of  tlie  rivers  on  the 
coast  which  appeara  to  prefer  this  kind  of  water.  It  bos 
a  tall,  erect,  narrow  frond,  witli  stiff,  long,  narrow  pinnules 
bent  upward  toward  the  stem.*  It  grows  abundantly  in  tlie 
vicinity  of  the  Furado,  on  the  muddy  banks  reached  by  the 
brackish  water. 

From  Cannavieiras  to  the  Rio  Poxim  runs  a  canal,  scpar 
rated  from  the  sea  by  a  beach-ridge,  and  thence  northward 
tliis  same  canal  extends  to  the  Coramandatuba,  and  is  said 
to  afford  water  communication  to  the  latter  river  from  the 
Pardo.  The  Commandatuba  flows  into  this  channel,  which 
is  prolonged  just  behind  the  beach  for  some  distance  north- 
ward before  it  opens  out  into  the  sea.  At  the  Barra  da 
Commandatuba  a  colony  has  been  established,  and  there  is 
a  little  village  of  thirty  or  more  houses  there.  The  shore  be- 
tween the  Commandatuba  and  the  Una  is  low  and  flat,  but 
a  short  distance  inland  one  sees  tlie  tertiary  slopes,  which 
stretch  along  northwai-d  from  the  Jequitiiihonha  and  Pardo. 

The  Una  is  a  httle  river  which,  according  to  Prince  Neu 
Wied,  is  so  dry  at  ebb  tide  as  to  be  easily  forded.  Tliere 
are  some  excellent  lands  on  this  river,  and  the  forests  are 
rich  in  jacarauda  and  other  valuable  woods.  This  river  is 
noteworthy  for  bending  northward  just  before  reaching  the 
sea,  and  flowing  a  little  distance  behind  the  beach-ridge. 

Opposite  the  mouth  of  the  Pardo  several  high  hills,  lying 
*  This  mii't  be  a  spocios  well  known,  bat  in  the  nhsence  of  specimen?  I 
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some  twenty  nules  inland  west  of  Ccmmanlitul  i,are  visible 
at  sea  ai  d  aj  peTi  to  1 1^  p,  le  "^  Ijut  when  ofl  the  Una  a 
heavy  mountain  range  w  ith  outhncb  like  thoise  of  the  gneiss 
hills  noith  ind  south  is  seen  stietching  off  iioithward,  and 
traceible  leyond  Ilh^os  piobibly  (yiiig  m  witli  the  moun- 
tains of  Caraamli.  This  range  is  called  the  Serra  de 
Itardca.*  Some  of  the  hills  in  this  range  must  be  three  thou- 
sand feet  in  height  or  more.  I  insert  here  an  outline  sketch  of 
this  coast,  to  show  the  chai'acter  of  tlie  topography.     I  was 


much  struck  with  the  outline  of  the  table-topped  hill  on  the 
right,  which  appears  to  be  composed  of  soft  horizontal  rocks. 
May  it  not  be  an  outlier  of  the  gi-eat  tertiary  sheet  that 
covers  so  large  an  area  in  the  interior,  and  which  in  some 
places  must  have  extended  down  to  the  coast  before  the 
deposition  of  the  coast  tertiary  beds  ?  I  would  suggest  a 
comparison  between  it  and  the  hills  of  Monte  Alegre  on  the 
Amazonas. 

Prom  the  Una  northwards  the  tertiary  plains  descend  to 
the  coast  and  extend,  with  high,  steep,  wooded,  rarely  per- 
pendicular slopes,  seaward  to  Ilh^os.  A  few  insignificant 
little  streams  empty  into  the  sea  along  this  coast.  As  a 
general  thing,  a  strip  of  flat  sandy  or  marshy  ground 
runs  along  under  the  bluffs.  The  Piassaba  palm  (^Attalea 
funifera)  grows  very  abundantly  on  the  slopes  and  the 
pltdn  above,  as  Prince  Neu-Wied  has  remarked.  This 
author  says  tliat  he  did  not  see  it  anywhere  north  of  Ilh^os. 
It  now  covera  large  tracts  on  tlie  Rio  Paraguassu,  below 

»  Frince  Keu-Wicii  biij-b  tlial  gold  is  found  hero. 
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Caxoeira,  and  along  the  Bahia  and,  SSo  FrancisGO,  and  its 
fibre  is  quite  an  important  article  of  commerce.  Prince  Neu 
Wied  speaks  of  finding  rounded  fragments  of  pumice  *  on  the 
shore  near  this  place,  and  states  his  belief  that  they  were 
drifted  to  flie  Brazilian  coast  from  the  island  of  Ascension. f 
He  speaks  of  finding  them  on  the  shore  near  Porto  Seguro, 
and  I  have  picked  up  large  quantities  on  the  island  of  Santa 
Barbara  dos  Abrolhoa. 

The  little  village  of  Olivcnqa  is  situated  on  the  top  of  a 
hm  by  the  shore,  about  nine  miles  south  of  Ilh^os.  Its  in- 
habitants, civilized  Indians,  employ  themselves  in  maldng 
straw  hats,  baskets,  &c.,  which  they  send  to  Ilhfcs  by  way 
of  the  beach,  on  mule-back.  They  plant  only  enough  to 
support  themselves. 

As  above  remarked,  in  speaking  of  the  Rio  Pardo,  it  was 
believed  that  tliat  river  divided,  part  of  its  waters  flowing 
into  the  sea  at  Cannavieiras,  while  anotlier  part,  under 
tlie  name  of  the  Rio  Cachoeira,  flowed  into  the  bay  of  Sao 
Jorge  dos  Ilh^os.  There  is  a  road,  or  rather  trail,  through 
the  forest  following  this  river  into  Minas,  and  Prince  Neu 
Wied  travelled  over  it,  crossing  tlie  head-waters  of  the 
Cachoeira.  He  says  nothing  about  that  river,  being  only 
an  offset  from  the  Pardo,  and  in  his  map  of  the  coast  be- 
tween the  twelfth  and  fifteenth  parallels,  afber  Arrowsmitli, 
he  represents  the  Rio  Cachoeira  as  taking  its  source  very 
near  tlie  Pardo,  at  some  considerable  distance  below  the 
Villa  da  Vareda,  and  this  is  probably  correct.  Just  above 
the  mouth  of  the  river  a  small  river  called  the  Rio  do  Fun- 
dao  empties  into  it. 

*  Eeiee,  Vol.  II.  p.  85. 

t  This  hardlj  socms  probable,  since  there  is  a  Routliwartl-liowing  cui'rent 
setting  along  the  Brazilian  coast  sonth  of  Ciipc  St.  Roque. 
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In  tlie  year  1817  Prince  Max.  zu  Ncu-Wied  made  a 
jouniey  into  the  interior  from  Illi^oa  to  tJie  borders  of  Jlinaa, 
and  tlien  went  by  land  through  the  interior  to  the  Bay  of 
Todos  OS  Santos.  His  voyage  ia  full  of  interest,  but  I  ex- 
tract from  it  only  a  few  points  which  bear  upon  tlie  geogra- 
phy, natural  history,  &c.  of  the  countiy. 

His  picture  of  the  forest  on  the  river  near  IIli^os  is  so 
grand,  and  so  true  to  nature,  that  I  translate  a  portion 
of  it :  — 

"  Life  and  luxuriant  plant  growth  is  spread  everywhere. 
Nowhere  is  there  a  little  spot  without  plants.  On  all  stems 
species  of  Passifiora,  Caladium,  Dracontium,  Piper,  Bego- 
nia, and  Epidendrvm,  besides  many  ferns,  lichens,  and 
mosses  of  different  kinds,  bloom,  climb,  luxuriate,  and  at- 
tach themselves.  The  forest  is  made  up  of  tlie  genera  Oocos, 
Melastoma,  Bignonia,  Rhexia,  Mimosa,  Inga,  Bombax,  Hex, 
Laums,  Myrtkus,  Eugenia,  Jacwranda,  Jatropha,,  Yisinia, 
Lecythis,  Ftcus,  and  a  thousand  other,  for  the  most  part, 
unknown  species  of  trees,  whose  fallen  flowers  one  sees 
lying  on  the  ground,  and  can  hardly  guess  from  which  giimt 
ti-ee  they  came.  Others  covered  with  blossoms  sliine  afar, 
white,  bright  yellow,  bright  red,  rose-red,  violet,  sky-blue, 
&c.,  and  in  swampy  places  there  rise,  thickly  crowded  to- 
gether, the  great  elliptical  leaves  of  the  Heliconias  on 
long  stems  often  ten  to  twelve  feet  high,  and  noteworUiy 
for  tlieir  bright  red  or  fiery  flowers.  On  the 
ti'unlcs,  higli  up  in  the  forks  of  the  branches,  grow  im 
tufts  of  Bromelias,  with  lai-ge  clusters  \_Blumenkolben,  und 
TVftMiew]  of  light  cinnabar-red  flowers,  or  of  some  otlier 
color ;  from  tliese  fall  great  bundles  of  roots  like  cords, 
which  hang  down  to  tlie  earth  and  form  a  new  obstruction 
for   travellers.      Such  bromelia^cluraps   lill   all   the   trees, 
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and  when  with  tlie  lapse  of  years  they  die,  aiid  ai 
by  the  wind,  they  fall  with  a  crash.  A  tliousaiid  llianaa,  from 
the  slightest  thread  to  the  thickness  of  a  man's  tliigh,  and  of 
hard,  tough  wood  (^BauMnia,  Banisleria,  Paulinia,  Ac), 
entwine  the  trunks,  climb  even  to  tlie  highest  top  of  the 
tree,  where  tliey  blossom  and  hear  fruit  where  no  human 
eye  can  see  tliem.  Many  of  them  are  so  wonderfully 
formed  that  one  cannot  look  upon  them  witliout  amazement, 
as,  for  instance,  cei'tain  species  of  Bauldnia.  From  many  of 
these  the  trunk  around  which  tliey  had  wound  decays,  and 
here  stands  a  giant  coiled  serpent,  whose  origin  makes  itself 
easily  understood  in  this  way."  * 

In  peneti'ating  into  tlie  interior  tlie  country  becomes  grad- 
ually higher,  and  at  the  same  time  drier,  while  the  forest 
becomes  less  and  less  luxuriant,  and  finally  passes,  on  the 
higher  ground,  uato  a  catinga,  which  begins,  on  the  road  to 
Minas,  at  Porto  da  Can6a,  on  the  Itio  Oachoeira.  Bromelia- 
ceous  plants  become  more  abundant,  with  several  species  of 
Solanacece,  Mimosas,  and  the  stinging  Cansan^ao  (Jatropha 
urens'y.  Inthe  valleys,  however,  the  forest  is  still  dense  and 
thick.  In  the  catinga  grows  a  cactus  (^C'ereus)  with  im- 
mense stems  reaching  a  lieiglit  of  fifty  or  sixty  feet,  with  a 
diameter  of  two  feet.  On  the  western  side  of  the  Ribeirao 
da  Issara  is  a  range  of  hills,  called  the  Serra  da  Sussuarana, 
which  are  not  veiy  high,  but  covered  with  masses  of 
loose  rocks  and  stones,  with  a  thick  growth  of  catinga. 
The  country  onward  to  the  Giboya,  a  little  stream  flowing 
southward  into  tlie  Pardo,  is  covered  with  catinga.  Here, 
as  elsewhere,  the  low  grounds  of  the  valleys  are  fiOed  witli 
high  forests,  but  the  woods  on  the  slopes  and  high  lands 
grow  lower,  and   come  under  the  class  of  catinga.      The 

*  llnhe,  Bnnd  IL  Sci'c  IOC. 
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Prince  says  that  the  Gihoya  flows  over  Granit-tafeln 
(giieias).  I  should  judge  from  his  description  that  the 
country  between  tlie  Giboya  and  Illi^os  was  of  the  same 
character.  A  short  distance  to  tlie  westward  of  the  Giboya 
is  a  range  of  mountains,  "  whose  hills,  of  a  considerable 
height,  have  a  rounded  outline,  and  are  strewed  over  with 
masses  of  rocks  and  granite  blocks  in  wliicli  especially  very 
large  pieces  of  white  quai'tz  occur.  The  whole  vicinity  is 
overgrown  with  very  thick  forest  or  catinga.  These 
mountains  bear  the  name  of  Serra  do  Mundo  Novo.  The 
first  mountain  is  the  highest ;  it  rises,  it  is  true,  with  gentle 
slopes,  but  it  requires  a  full  hour  to  ascend  it.  Thence  on- 
ward hills  and  valleys  alternate,  until  one  at  last  descends 
into  a  considerable  depression.    The  Rio  Pardo  flows  to  the 

left,  in  a  deep  valley  parallel  with  the  road So  soon 

as  we  had  left  behmd  us  the  fatiguing  Serra  we  found  the 
wood  still  more  changed  into  catinga,  for  in  the  depression 
itself  it  was  only  40  -  60  feet  in  height,  filled  witli  many, 
bromelia  and  cactus  clumpa,  hung  with  moss  tufts  (  TlUaii- 
dsia),  and  intermingled  with  many  kinds  of  trees  which 
reached  only  an  inconsiderable  height.  Here  is  found  the 
Pao  de  Leite  (in  all  probability  a  Ficus),  which  is  feared 
because  of  its  corrosive  milky  juice,  biit  nowhere  was  seen 
the  beneficent,  nourishing  milk  of  the  Paio  de  Yaca,  which 
Humboldt  has  described ;  this  milk  would  in  our  situation 
be  a  great  comfort.  Farther  on  we  found  the  coi'k-Iike 
Barrigudo-tree  (^Bombax),  which  here  grew  to  only  a  small 
height,  many  species  of  Mimosa,  of  Bignonia,  and  so  forth, 
and  between  them  rock  masses  and  granite  blocks.  All  tliis 
shows  that  one  has  gradually  ascended  from  the  wet,  dark 
region  of  the  coast  forests  to  higher  and  drier  country." 
Tills  descriiiiiou  is  very  interesting,  because  it  shows  that 
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here  we  Imve  a  region  wliieli  has  not  been  so  much  affected 
by  decomposition  as  the  coast  belt,  and  it  shows  us  how  the 
forest  zone  narrows  down  as  we  go  northward. 

Beyond  the  Barra  da  Vareda  one  enters  a  catinga  wood, 
and  gradually  ascends,  the  hills  being  gently  rounded,  and, 
as  the  Prince  remarka,  announcing  the  open  plains  and 
ridges  which  make  up  so  large  a  part  of  the  interior  of  Bra^ 
zil.  "  Tbe  wood  has  in  many  places  lagSas  grown  up  with 
swamp  reeds,  in  others  extensive  naked  places  which  have 
been  burned  over  so  as  to  produce  grass  for  the  cattle.  Such 
places  become  covered  immediately  with  high  ferns  (Pterts 
caudata),  whose  horizontally  placed  fronds  wear  an  agree- 
able look.  With  the  end  of  tlie  wood  one  i"eaches  pleasant 
green  fields,  which,  despite  the  diy  climate,  appeared  to  have 
tlie  fresh  green  of  our  European  meadows." 

Going  westward  the  countiy  becomes  more  and  more  open, 
and  there  are  extensive  open  flat  ti'acts  of  gi'eat  extent, 
covered  with  a  sparse  catinga  vegetation,  immense  can- 
delebra-like  cactuses,  and  ant-hills,  and  diversified  by  slial- 
low  lagSas.  From  Tamburil  to  the  boundary  of  Minus 
Geraes  one  passes  tlirough  a  monotonous  and  somewhat 
hilly  country,  cut  through  by  deep  ravines,  and  covered  by 
catinga.  So  soon  as  one  has  clbnbed  the  ridges  which  uni- 
fonnly  command  one  anotlier,  and  throughout  are  covered 
in  the  same  manner  witli  catuiga  or  caiTasco,  small  narrow 
fields,  grown  up  with  many  rush-like  grasses,  ai'e  reached. 

In  some  places  near  Ecssaque  the  Prince  found  mica 
slates  witli  staurolides  in  single  crystals,  together  with 
hornblende.  This  succession  of  gneiss  and  mica  slate  cor- 
responds to  what  I  observed  on  entering  the  basin  of  the 
Jequitinhonha,  but  I  have  seen  no  staurotides  in  Brazil. 

The  earrasco   is  a  more  or  less  thick,  usually  matted. 
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growtli  of  bushes,  with  stiff,  gnarly  stems,  whicli  grow  to  a 
height  of  ten  or  twelve  feet,  and  tliis  is  the  character  of  the 
vegetation  of  a  large  part  of  tlie  campos  of  the  interior,  par- 
ticulai'ly  of  the  wide  elevated  plains. 

The  country  grows  flatter  and  flatter  in  going  into  the  in- 
terior, and  at  the  same  time  tlie  hushes  grow  lower  until 
tlie  campos  geraes  are  reached,  where,  "far  as  the  eye  can 
reach,  open  wooded  plains,  or  gently  rounded  hills  and 
ridges,  are  spread  out,  covered  with  dried  grasa  or  scat- 
tered hushes." 

"  In  the  valleys  which  intersect  these  wide,  naked  ridges 
and  plains,  one  finds  the  banks  of  tlie  rivers  and  brooks 
bordered  by  woods.  Here  also  single  clumps  of  bushes  are 
found,  hidden  here  and  there  in  the  deep  places,  pai-ticuiarly 
as  one  approaches  the  borders  of  Minas  Geraes,  and  this 
kind  of  wood  is  in  part  one  of  the  peculiar  characteristics  of 
these  open  places.  One  oiten  believes  that  he  has  a  contin- 
uous plain  before  him,  when  he  comes  suddenly  upon  a  nar- 
row, steep-sided  valley,  hears  deep  below  him  tlie  murmur 
of  a  stream,  and  looks  down  upon  tlie  forest-trees  which,  va- 
riously colored  with  numerous  flowei"s,  line  its  banks.  Con- 
stant winds  prevail  here  during  the  cold  season,  with,  for 
the  most  part,  a  cloudy  sky,  and  in  the  diy  months  a  burn- 
ing, oppressive  heat,  whereby  the  gi-ass  is  dried  up,  the  re- 
gion is  glowing  hot,  and  there  is  a  scarcity  of  potable  water." 

In  the  winter  these  high  lands  are  quite  cool,  and  had  not 
unfreq^uently  falls.  Prince  Neu  Wied  describes  a  large  tract 
over  which  the  vegetation  was  dead  and  leafless,  and  he 
was  infoi-med  that  it  had  been  killed  by  frost,  tliough  it  may 
be  that  the  effect  had  been  produced  by  excessive  dryness. 
To  one  accustomed  to  the  climate  of  the  coast,  that  of  these 
high  regions  is  apt  to  be  very  disagreeable.     The  Prince 
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found  tlie  temperature  early  on  a  foggy  morning  14° 
Eeaumiir  =63.5°  Fahr,,  and  at  noon  on  a  dry  sunshiny 
day  19J°  Eeaumur,  =  75.87°,  and  this  was  just  at  the  end 
of  the  rauiy  season,  in  February.  On  the  22d  January,  at 
Catol^,  he  found  in  the  shade  hetween  two  and  tliree 
o'clock,  p.  M.,  a  temperature  of  24^"  Reaumur,  =  87.12° 
Fahr.,  and  lie  states  that  it  sometimes  reached  30' Reau- 
mur, =  95.50°  Falir.,  in  the  sliade. 

These  campos  stretch  westward  to  tlie  Serra  das  Almas, 
and  southward  to  the  valley  of  the  Jequitinhonlia,*  and  are 
only  sparsely  inhabited,  principally  hy  herders  of  cattle. 
Agriculture  is  confined  to  the  bottoms  of  valleys  and  moist 

The  Etna,  or  American  ostiich  (Rhea  Americana),  oclgxivs 
in  abundance  on  the  campos  of  the  basin  of  the  Pardo,  to- 
gether with  tlie  celebrated  seriema  (Palamedea  cristata 
Linn.,  Dicholophus  cristatvs  lUiger),  a  large  bird  tlie  size 
of  a  crane,  veiy  swift  of  foot,  and  noted  for  its  shrill  voice 
like  that  of  tlie  peacock,  whence  the  English  name  crested 
screamer,  sometimes  applied  to  it-f 

With  reference  to  tlie  climate  of  this  part  of  the  coast, 
Neu-Wied  says  tliat  generally  the  months  of  February, 
Mai-ch,  April,  and  May  are  the  rainy  months.  The  four 
months  following  are  the  cold  season,  while  the  hottest 
weather  is  in  October,  November,  December,  and  January. 
Our  author  says  tliat  he  never  observed  a  lower  temperature 
than  13°  Reaumur,  nor  a  much  higher  one  than  30°  R^umur. 

*  See  (lescripfion  of  the  campos  of  the  Comaroa  da  Jeqnitinhonha  in  Chap. 
m.  of  this  work. 

f  See  Eug.  Warming,  Skildrmger  of  Naiarea  i  dei  (ropiaia  Brasilien.  V.  Cam- 
posdijrene,  Tidsshrifi  for  Pop.  Fremst.  af  Nat,  Trcdie  R^kke,  Jemte  Binds, 
Ti'edie  Hefte,  1SG8,  p.  231.  TIiIh  ib  a  very  iiiteresling  article  on  tho  fauna  of 
the  campos  region. 
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On  the  5tli  March,  one  of  the  hottest  daj  &  of  tl  e  v  yige 
Neu-Wied  obsei-ved  a  temperature  of  28.v0  R^un  and 
in  the  twilight  of  tJie  same  day  15°  Reaumur  and  in  ho  u 
later,  when  the  dew  had  begun  to  fall,  14  R4i  un  i  wl  ch 
observations  are  interesting  aa  showing  the  1  al  la  eties 
of  temperature. 

Arraial  da  Conquista,  or  Victoria,  is  the  name  of  a  little 
village  lying  a  few  leagues  to  the  north  of  tlie  Barra  do 
Vareda,  and  noted  for  its  cotton  and  large  herds  of  cattle, 
which  are  sent  to  Bahia  to  be  sold. 

On  the  voyage  to  Bahia,  near  a  place  called  Urubfi,  lying 
between  the  Eios  Caxoeira  and  Contas,  Neu-Wied  describes 
brooks  whose  waters  were  salt,  discolored,  and  whitish,  and 
he  speaks  of  others  near  the  valley  of  the  Contas.  Tlius 
far  a  great  part  of  the  country  between  the  Arraial  da  Con- 
quista  and  the  Rio  das  Contas  has  been  hilly  and  more  or 
less  wooded. 

Between  the  Arraial  da  Conquista  and  Os  PossSes  (PogSes) 
the  country  is  very  uneven  aiid  covered  with  low  woods. 
Neu-Wied  calls  attention  to  a  veiy  interesting  fact  stated  by 
Humboldt,*  that  the  number  of  spociei  of  social  plants  in 

*  Alex,  de  Humboldt,  De  Dhirihxttione  GeogrnphiLa  Planiaiuai,  Ifil?  ip 
61,  52:  — 

"  EarissinifB  antem  snnt  pkntEe  aociaKe  (Peonies  soaale',  !j^'e!}i<ie pjhiien] 
in  plaea  lequinoctiali.  Difficililcr  enim,  ex  geneie  flibonim  SiUw  Orjiiooemibus 
nomen  potiaa,  qiiippa  in  qiiibns  mngnus  specKvum  nnmerus  iorjue  commixtua 
sit  Nequo  in  locis  planis  sub  zona  torrida  Nou  Orbis,  plnntas  aocialaa  ftre 
alias  ullas  cnumereB  prater  Ehiiophoram  Margieii  S«suvjiim  Portnlacastfnm 
Croton  an^nteum,  BRmbnBara  Quaduam,  alquo  propter  capita  flum  AraaMi- 
numet  incalidisPi'ovindie  JeandoBraonmoras,  imojniBunn  nemoiaBoiieum 
villea  et  Godoya  repleta.  Aogentur  rero  'tirpes  cateiraiun  nfl=cetite&  quo 
magis  per  Moxieannra  imperium  versus  Cancram  procedis  yel  per  encninraa 
Andinm  te  toUia,  ubi  nltitudine  1800  haxnpoJarum  rcpeiLts  EiJcnllomam  mjr 
liUoidem,  Brathim  junipevinam  ct  multijugas  '^luhno  opccits  ' 
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the  tropica  is  very  small,  and  says  tliat  not  iinfrcquontly 
we  find  large  tracts  taken  possession  of  by  the  samambaia 
(^Mertensia  dichotoma  or  Pleris  caudata  ?)  to  the  exclusion 
of  all  other  shnibs.  Tliis  is  tlie  case  all  along  the  coa^t. 
It  is  apt  to  epring  up  in  abandoned  dry  fields,  and  bury 
them  with  a  thick  mantle  of  foliage.  I  obseiwed  it  growing 
at  Itabapuana,  Sao  Matheos,  and  in  numerous  oUier  places 
on  the  coast,  where  it  was  so  abundant  as  to  be  a  nuisance, 
and  I  liave  noted  it  as  being  veiy  common  in  Miuas.  It 
seems  to  have  the  same  habit  as  our  Pteris  aguilina,  which 
in  the  same  way  takes  possession  of  fields  and  drives 
everything  else  out,  Tlie  rapid  growth  of  the  samam- 
baia  in  Brazil  is  often  aided  by  fires  set  m  the  bushes  and 
grass  over  dry  places,  which  deplete  the  flora  and  give  the 
fern  a  more  open  field  to  grow  in.  The  most  remarkable 
social  plants  of  Eastern  Brazil  are  the  mangroves,  Cono- 
carpus  and  Avtcennia,  in  addition  to  which  and  the  Pteris 
caudata  are  aome  species  of  Rhexia,  Cecropia,  Bignonia, 
together  with  the  Uba.,TaguarassCt,  some  grasses,  a  bamboo, 
and  the  dwarf  palm  of  the  coast,  Gunri.  The  Piassaba  and 
Carnaliuba  palms  would  also  appear  to  merit  being  included 
under  this  head. 

Between  the  Arraial  da  Oonquista  and  Os  PossOes,  Neu 
"Wied  describes  a  locality  with  high,  gently  rounded  hills 
covered  with  tlie  samambaia,  and  he  states  that  sometimes 
such  tracts  are  burned  over  so  as  to  produce  a  growth  of 
grass.  The  whole  country  here  is  exceedingly  dry,  and 
during  the  hot  season  tlie  vegetation  is  withered  and 
scorched.  Water  tlien  fails,  and  cattle  die  if  not  removed. 
In  this  dry  region  is  found  a  beautiful  Bignonia,  eight  to  ten 
feet  high,  with  large  bright  citron-yellow  blossoms,  and  a 
Cassia,  together  with  tlie  Licur'i  palm,  a  species  which  I 
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found  growing  over  tlie  taboleiras  at  Alagoiiilias  on  the 
Bahia  and  Sao  Francisco  Railroad.  The  soil  is  of  a  red- 
dish-yellow color.  The  deep  valleys  are  filled  with  dense 
forest.     Everywhere  one  sees  the  round  yellow  hills  of  the 

white  ant  scattered  about.  Oarapatos*  are  exceedingly 
numerous,  incrusting  twigs  so  as  to  make  tliem  fairly  red, 
and  worrying  the  traveller  by  day  and  night.  Eetwccn  Os 
PossSes  and  Urubd  tlie  country  is  of  the  same  desolate 
character.  In  this  region  many  cattle  are  pastured,  and  in 
some  localities  a  little  cotton  is  planted.  Of  the  journey 
from  Uruhd  to  the  Fazenda  da  Cachoeira  Neu-Wicd  draws 
a  striking  picture  of  tlic  country  in  tlicse  words  :  f  "I  fol- 
lowed the  way  through  an  inhospitahlo  deserted  wilderness, 
in  which,  crowded  together,  mountain  after  mountain  rose 
behind  one  another ;  all  lay  before  us,  monotonous,  covered 
with  thick-woven  brushwood,  rough  and  wild,  and  mingled 
witli  projecting  rock  masses.  Some  of  these  mountains  are 
naked  and  consist  of  variously  formed  masses  of  rock,  as  a 
general  thing  gently  rounded  above  ;  in  the  places  bare  of 
wood  the  soil  shows  itself  as  a  red-yellow  clay.  Bushes  of 
finely-plumed  tliorny  mimosas,  mingled  here  and  tliere  with 
beautiful  flowering  plants,  amongst  which  I  will  mention 
only  one  splendid  plant,  a  new  species  of  Ipomma,  with 
large,  brilliant  fiery  blossoms,  made  on  both  sides  a  border 
to  the  way." 

"  Tlie  rock  masses  of  the  strangest  forms,  often  like 
towers  or  pulpits,  standing  singly  out  above  the  bushes,  are 
everywhere  in  tliese  mountains  inhabited  by  a  little  cavia," 
called  tlie  Moe<5, — Ccelogenys  rwpestris.    "  In  these  dry  rocky 

•  BatBB  Bays  that  there  are  two  epscies  on  tlie  Amnaonas.     See  Hatnraliat 
on  tlio  Amazons,  p.  173. 
t  i^rae^Vd.  II.  p.  236. 
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woods  tlioie  icigiioil  a  heat  beyond  belief;  not  a  breeze 
stirred,  and  tlio  lays  of  the  sun  were  reflected  from  every 
side ;  only  the  proud  Araras  [macaws]  in  our  neighborhood 
appeared  to  enjoy  it.  Tliey  flew  screaming  about,  while 
the  mo&t  of  the  other  birds  took  their  siesta  on  the  shady 
branches." 

The  mouth  of  the  river  at  llh^os  forms  a  very  good  har- 
bor, and  is  entered  by  the  coasting  steamers.  Where  the 
valley  of  the  river  opens  out  into  the  sea  are  two  isolated 
gneiss  hills,  standing  one  about  a  quarter  of  a  mile  east  of 
tlie  otlier.  The  western  of  these  liills,  once  an  island,  has 
been  joined  to  the  bluff  on  the  north  by  a  broad  strip  of  sand, 
on  which  ia  built  tlie  villa  of  Sao  Jorge  dos  Ilh^os.  This 
causes  the  river  to  make  an  abrupt  bend  southward.  The 
eastern  hill,  also  formerly  an  island,  has  been  joined  to  the 
low  lands  on  the  south  by  a  strip  of  sand,  which  compels 
the  river  to  turn  towards  the  noi-tli,  when  it  enters  the 
sea  between  the  two  hills.  The  mouth  of  the  river  is  shal- 
low, but  is  usually  entered  witliout  much  difficulty.  The 
waves  beat  veiy  heavily  on  this  coast,  and  it  is  interesting  to 
see  how  they  are  striving  to  throw  up  a  spit  across  the  river- 
mouth  on  tlie  northern  side.  At  high  tide  the  water  flows 
through  a  channel  cut  across  the  sand-beach,  uniting  the 
eastern  island  with  the  shore ;  but  the  waves  tend  to  increase 
the  height  of  this  beach,  and  the  river  is  obliged  to  escape 
around  the  western  side  of  tliis  hill.  To  the  northeast  are 
the  reefs  Sororoca,  Itapitinga,  and  Itaipins,  which  I  have 
not  examined,  and  north  of  these  are  the  islets  Hha  Grande 
and  Ilha  Pequena,  distant  about  two  miles  nortli,  a  few  de- 
grees east  of  the  barra. 

The  town  of  IlhiSos  is  about  as  large  as  Oaravellas,  but 
is  of  much  more  importance.     The  banks  of  the  Hio  Cax- 
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oeira  and  of  its  tributaries  near  Ilh^os  are  tliickly  set- 
tled, and  there  are  many  large  fazendas  for  the  cultiva^ 
tion  of  cac4o,  sugar,  &c.,  which  products  are  exported  to 
Eahia. 

The  rocks  of  the  lull  on  tlie  ■(pestern  side  of  tlie  barra 
consist  of  a  well-bedded  gneiss  like  that  of  Bahia,  but  inucli 
disturbed  and  broken  up.  The  approximate  stiike  is  north 
a  few  degrees  east. 

A  few  miles  to  the  nortli  of  Ilh^os  the  little  river  ItahjjDe 
empties  into  the  sea.  The  banks  of  the  river  are  largely 
settled.  The  river  itself  is  very  narrow,  but  deep,  and  alto- 
gether is  only  about  twenty-eight  miles  long.  On  the  north- 
ern side  is  a  little  lagSa  commuuicating  witli  the  Itahype 
by  a  narrow  canal.  Neu-Wied  says  that  sea-shells  are  found 
on  the  banks  of  this  lake,  and  tliat  kettle-formed  holes,  like 
those  hollowed  by  the  action  of  tlie  sea,  are  to  be  seen  in  the 
rocks  bordering  it. 

Spix  and  Martius  found  coral  banks  in  the  lake,  show- 
ing that  it  was  formerly  a  bay  which  has  been  cut  off  from 
tlie  sea  by  the  throwing  up  of  a  beach  across  its  mouth. 
"  These  banks  show  tliemselves  in  many  places  in  the  lake 
at  a  depth  of  from  six  to  twelve  feet,"  and  furnish  material 
for  the  manufacture  of  lime.  The  corals  observed  by  Spix 
and  Martius  were  referred  by  them  to  the  old  species  Mad- 
repora  cavernosa,  hexagona,  and  astroites,  Lam.* 

On  tlie  sea-shore  near  the  Serra  Grande,  south  of  the  Eio 
dc  Contas  Spix  and  Maitius  foui  d  "  banks,  five  to  six  feet 
hi^h  of  1  'soft  coal  Hack  ubstance  which  soiled  the  finger 
wlci  p  esied  and  which  cirefilly  examined,  seemed  to 
Ic  male  I  of  coil  and  quTitz  giains."  Tliis  appears  to  be 
somi^  lecent  fo  mifioi 

"\  u    M  r        Band  II.  Seite  684. 
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From  Ilh^os  nortliward  to  tlie  Rio  de  Contas  the  coast 
lands,  as  a  general  thing,  are  about  two  hundred  feet  in  height, 
and  level  topped,  with  abrupt,  ateep  slojies  to  tlie  sea,  and 
tliere  cin  be  no  doubt  that  they  are  teitiary  Tlie  appear- 
ance of  tlie  coait  just  soutlt  of  tlie  mouth  of  the  Contas  is 
represented  m  tlie  following  siietch      I  am  told  tliat  the 


soils  of  these  phmi  aic  sandj  but  aie  in  part  quite  fertile. 
On  the  sJDpeg  cacio  i9  planted 

The  Eio  de  Contiy,  oi  Jussiij  e,  11  a  considpn,ble  river, 
which,  according  to  the  Dicdonarto  Geographico,  rises  eight 
leagues  to  the  northwest  of  the  Villa  de  Itio  de  Contas,  or  at 
a  distance  of  some  one  hundred  miles  from  the  sea  and  to 
tlie  west  of  the  Serra  de  Sincord.*  The  course  of  the  main 
stream  is  almost  east-west.  It  is  navigable  only  for  a  dis- 
tance of  some  four  leagues  above  its  moutli. 

The  lands  on  the  southern  side  at  the  mouth  of  the  river 
are  moderately  high,  and  two  or  more  rocky  islands  and  a 
reef  of  rocks  project  northward,  so  that  the  channel  of  the 
river  is  bent  toward  the  nortli,  as  is  the  case  at  Ilh^os.  Tliere 
are  other  rocky  points  on  the  same  side  of  the  river,  in  which 
a  rock  like  that  of  Bahia  is  exposed.  The  town  is  situated 
in  a  little  cove,  just  inside  the  bar,  on  the  soutliern  side.  I 
found  tlie  rock  m  the  hill  and  point  west  of  the  town  to  be 

*  AccordiDg  to  Almeida,  it  takes  its  vise  in  a  Inlte  forty  ov  fifty  miles  north 
of  the  Villa  do  Rio  de  Contas.  Burton  says  that  this  iiams  should  be  Tiio 
das  Contas.    I  follow  Cazal,  Almeida,  and  the  common  usage  of  Brazilian 


,db,Google 


PKOVINCE   OF   CAHIA.  261 

of  tJie  same  character  as  that  of  BaJiia,  and  exposed  with  a 
strike  of  N.  45°  E,,  and  a  vertical  dip.  The  towD  is  a  small 
one,  and  of  so  little  importance  tliat  the  coasting  steamers 
rarely  stop  there.  Its  commerce  consists  principally  in  far 
rinlia,  of  which  something  like  50,000  sacks  are  exported 
every  year ;  cac3«,  yearly  exportation  more  than  4,000  arro- 
bas;  coffee,  SOO  to  1,000  arrobas;  together  with  a  little  rice 
and  sugar,  and  large  qusmtities  of  woods,  especially  jaca- 
randa,  cedro,  piitumuj&,  vinhatico.  Along  the  river  above 
the  town  ai'e  many  fazendas.  The  population  is  said  to  be 
increasing.  On  the  opposite  side  of  the  river  the  lauds 
bordering  the  coast  are  flat,  sandy  along  shore,  but  inside 
tliey  are  largely  overgrown  with  mangroves.  Tlie  beach 
extends  southward  in  a  sharp  point,  wMch  tends  to  close  up 
the  river  off  the  point  just  east  of  the  town  ;  but  the  current 
keeps  it  open.  Tlie  bar  is  not  difficult,  and  there  is  good 
anchorage  for  vessels  off  the  town.  The  Rio  de  Contas  ap- 
peared to  me  to  be  about  the  size  of  the  Mucury.  The  ter- 
tiary bluffs  trend  off  northward  of  the  river,  gradually  leav- 
ing the  coast.  A  narrow  channel  coming  from  the  north 
and  flowing  through  the  low  lands,  parallel  with  the  coa^t, 
empties  into  the  river  opposite  tlie  town.  I  have  seen  in 
some  Brazilian  work  —  a  Roieiro,  if  I  rightly  remember — 
a  statement  tliat  there  had  been  found  on  the  hanks  of  this 
river  tlie  bones  of  some  immense  extinct  quadraped.  Spix 
and  Martins  also  refer  to  them.  (See  Chapter  VII.  of  this 
work.)* 

*  Cazfd  speaks  of  tlia  existenco,  in  difftrent  jinrt  of  Brazil,  of  Xha  bones  of 
an  immense  extinct  animal,  wliich  he  suggests  might  be  tlie  behemoth.  I 
translate  a  few  sentences  from  his  note  on  it.  He  says :  "  Morse  gives  to  this 
qaadiTiped  the  name  of  Muromotli,  and  aaja  that  the  Indians  of  North  America 
pretend  that  its  species  still  exists  in  the  woods  which  are  m  the  north  of  the 
great  lakes This  beast  mnst  have  been  of  a  Blow  maccli,  not  pi-oper 
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In  186fi  I  touched  at  Camamfl,  but  unfortunately  during 
bad  weather,  so  tliat  I  was  unahle  to  see  much.  I  have 
never  revisited  the  spot,  I  regret  much  tliat  I  am  unable 
to  give  a  more  precise  and  detailed  description  of  the  bay 
on  which  it  is  situated,  for  it  is  of  gi-eat  interest,  both  to 
the  geologist  and  the  zoologist,  because  on  the  borders  of 
tlie  bay  are  the  turba  deposits  which  have  attracted  so  much 
attention,  while  off  the  mouth  of  the  bay  are  extensive  coral 
reefe,  Tliis  bay,  and  the  streams  which  flow  into  it,  have 
been  most  erroneously  represented  on  the  maps  and  charts. 
Arrowsmith  represents  it  as  a  deep  wide  bay  opening  broad- 
ly to  the  sea,  half  as  large  as  the  Baiiia  de  Todoa  os  Santos, 
and  sown  with  iittie  islands ;  and  Mouchez's  chart  gives  one 
really  no  idea  of  it.  My  friend,  tlie  Rev.  Mr.  Nicolay  of 
Bahia,  kindly  furnished  me  with  a  copy  of  a  recent  map  by 
Sr.  Jos^  Nascimento,  which  is  here  subjoined,  not  only  be- 
cause of  its  value  as  a  contribution  to  the  hydrography  of 
the  coast,  but  because  Mr.  Nicolay  has  indicated  on  it  the 
locahties  where  the  turba  occurs,  as  well  as  several  other 
points  of  interest. 

The   shores  of  the  bay  and  its  arms  are  for  the  most 

for  a  hunting  or  carnivorous  animal,  and  witli  a  belly  so  capacions  that  only 
vegetables  conid  snfBce  to  nourish  it 

"Among  the  many  skeletons  whieli  have  heen  encountered  in  lio  different 
provinces  of  the  New  World,  perhaps  none  mnyhelp  to  form  a  hotter  idea  of  the 
animal  than  the  skeleton  which  was  discovered,  at  the  close  of  the  past  centuiy 
in  the  Termo  da  Vil/a  de  Bio  de  CorOas,  by  the  persons  engaged  in  clearing  out 
a  hollow  in  the  rock  {nwWetrSo  depedm],  in  order  to  make  a  tank  for  the  cattle. 
....  This  skeleton,  considerably  iiyured,  occupied  a  space  of  more  than 
thirty  pBcca  in  length ;  the  ribs  were  a  palm  and  half  broad  ;  the  shin-bones 
were  of  the  length  of  a  mnn  of  medium  slature;  the  tusks  were  almost  a  irapi 
in  length ;  a  molar  looth,  without  the  root,  weighed  four  ponnds;  in  order 
to  remove  the  lower  jaw,  the  strength  of  four  men  was  neeeasary."  —  Corapiifii 
Bi-asilica,  p.  67,  note.     Sea  D'Ai'ekiac,  Pol6Moiogie  Stratiyraj^ique,  p.  251. 
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part  flat,  and  largely  of  recent  origin,  and  there  are  exten- 
sive mangrove  swamps  bordering  tliem.  From  over  tills 
region  ttie  tertiary  clays  have  been  almost  entirely  denuded. 
Gneiss  occurs  at  the  town,  and  just  to  the  westward  is  the 
considerable  range  of  hills  called  tlie  SeiTa  do  Condoni, 
which  is  a  continuation  northward  of  the  coast  serraa.  It 
is  in  tlie  low  gromids  of  the  Marahu,  a  broad  river-like  arm 
extending  off  for  some  distance  to  the  south  of  the  bay,  that 
tlie  turba  deposits  are  found.  The  specimens  of  turba  which 
I  have  seen  were  of  a  very  light  material,  grayish  or  brownish 
in  color,  and  felty  in  textm'e.  The  material  burned  readily 
when  ignited  in  a  candle,  affording  an  abundant  smoky  flame, 
leaving  tlie  mass,  however,  of  the  same  dimensions  and  form 
as  before.  The  material  appears  to  be  merely  a  mud  im- 
pregnated witli  bitumen ;  and  as  it  appeal's  to  exist  in  large 
quantities,  it  would  be  very  valuable  for  gas-making  or  the 
manufacture  of  kerosene.  Prof.  Arthur  M.  Edwards  of  New 
York,  tlie  microscopist,  informs  me  that  a  Mr.  Southworth 
brought  home  with  liim  some  specimens  of  carbonized  wood, 
and  Prof.  Edwards  *  baa  some  fragments  of  leaves  from  tlie 
locality,  but  they  are  unfortunately  too  badly  presei-vcd  for 
identification.  Mr.  Nicolay  personally  examined  the  turba 
deposits,  and  has  kindly  furnished  me  with  the  following 
obsei-vations,  which  throw  some  little  light  on  the  mode  of 
occurrence  of  the  bituminous  layera,  though  their  age  is  still 
left  in  obscurity :  — 

•  S  nee  the  atiove  was  written,  I  leiini  timt  some  of  the  tnrbn  diatilleil  in 
Key  To  k  J  Ided  offirstquality.oneliunclredgallona  light,  elenr  oil  to  the  ton; 
aeco  1  q  r1  ty,  seventy.five  goUoiia.  Prof.  Edwards  says,  in  speaking  of  the 
spec  men  he  examined :  "  I  consider  the  tnrba  a,  sand  impregnated  with  bitu- 
men but  has  evidently  not  been  deposited  under  water,  because  it  contains 
no  a  a  0  ns  and  the  vegetable  remains  in  it  are  wood,  a  few  leaves,  and  fibres 
1  ke  fi  e  oo  3."  An  English  company  k\a  recently  been  formcil  to  wovk  this 
depos  t  fo   the  ahOTe-mentioned  pnrposes. 
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"  The  Camamli  aeries  does  not  appear  in  any  way  connected 
witJi  that  of  Bahia  or  with  those  of  the  South,  unless,  as  has  been 
reported,  turba  is  found  on  the  Rio  de  Contas. 

"  This  series  may  be  designated  ai  follow  b    — 

"  In  a  basin  of  gneiss  se  rod  &  aie  bitumiiiii  ^  schists,  sands,  and 
marls  ooatainiuj,  fossils  (fiesh  nitei  )  and  it  is  presumable  above 
that  the  turba 

"  There  are  also  sondsttneb  — piincipally  ted  concretions,  — not 
apparently  connected  mth  the  1  itnmmons  stiuta,  but  lying  nenrer 
the  sea,  and  po^ibly  o  itliers  of  the  Bahia  ?enes. 

"The  folio vmj,  section  is  lioni  the  j  t  sunk  by  Sr.  Joao  da 
CoBta,  filho  :  — 

"  20  feet  0  in    ir^jilliceou?  and  ir  n  ce     s  schists. 

3  "    0        Bituminous  clay 

4  "    0        Feirngmoisanl  ^leuice     s  sandstone. 
0    "    9        Schist  ^vith  1  g  nto 

0  "    9       Bituminona  stiatum 

1  "    6        Micateous  &L.hif,ts 

1  "    6        Schist  with  lignite  and  bitumen  below. 

2  "    6        &L.hgt  seatiata 

2  "  0  Biturnujus  strata  some  quite  pure. 

12  "  0  Sthistose  r  cks 

15  "  0  Bitum  nois  sttatx. 

46  "  0  Gneissoso  locks 

108  feet." 

Mr.  Nicolaj  stites  that  tlit  InUimuK.  ns  sti'ata  vary  much, 
from  pure  bitumen  to  an  aienaceous  kind  interstratified 
■witli  bituminous  shales ;  "  but  it  is  to  be  observed  that,  at  the 
depth  of  eighteen  feet,  two  veins  of  pedra  molle,  an  imper- 
fect turba  occur.  These  are  in  many  cases  present  on  the 
surface,  and  the  connection  should  be  ascertained,  but  ex- 
cept ill  tills  instance  pedra  molle  and  turba  only  appear  above 
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the  limestone,  i.  e.  so  far  as  is  known,  which  forms  the 
bottom  of  the  estuaries  which  unite  to  form  tlie  Camanifi 
Bay." 

Tlie  town  of  Camamu  is  only  a  small  one,  but  is  of  some 
little  importance,  exporting  to  Baliia  coffee,  faruiha,  rum, 
rice,  cac^,  and  wooda  for  building  purposes,  Spis  and 
Maitius  speak  of  the  occurrence  of  coral  banks  in  the  Bay  of 
Camamfl  and  they  refer  some  of  the  corals  to  the  old  La 
maickionspecieb  Madr  Uia,M  Astroide^  cti\A  M  Act opora 
Thellha  de  Quie[pe  Iiei  just  ofi  tlie  mcuth  of  the  bay 
and  ]fi  sunounied  by  cornl  leefs  The  danaeious  icef  of 
'^orouosu  (  Soioioiossu  '')  lies  a  short  distince  to  the  noitli 
west  About  ten  miles  north  of  the  mouth  of  the  Bay  of 
Camimu  hcs  the  laige  ishnd  c-\lled  Bajipebi  Mjuthez, 
m  1  note  to  his  clmt  sijs  that  the  pilots  lepie^ent  the 
gult  lying  Iietween  this  island  and  the  Bay  of  Camamu  as 
being  lull  of  coials  piobably  chapeuoes  The  island  of 
Bo^apeba  is  about  five  miles  m  diametei,  modeiately  high, 
with  a  iew  prominent  hills  and  sejiiated  ftom  the  main 
land  by  a  mirow  channel  On  the  •southeastern  side  of 
tins  i&land  is  the  dingeious  point  Castelhania,  on  winch 
the  Fiench  ship  ECarn  naa  wiecked  a  few  jeais  ago  The 
Milage  of  Bojapeba,  neai  the  noithein  extiemitv  of  the 
island,  IS  noti^d  fai  its  little  commeice  with  E  dni,  ii  [  is 
saba  lice,  and  mangiove  baik  foi  tanning 

Separated  fiom  tins  island  an  the  bouth  by  n  now  dian 
nels,  and  from  the  mimlind  by  a  (channel  which  unites 
tliem  with  the  Baria  it  Rio  Una  is  \  much  lu^ei  island, 
callci  Tinhaif!,  some  ten  oi  fittecn  miles  long  anl  five  or 
SIX  wide  Wedged  in  between  tliese  tw  o  islands  and  the 
mainland  is  the  little  island  Tujuassu.  The  northern  portion 
of  the  island  of  Tiuhar^  appears  to  be  high ;  while  the  rest, 


d  by  Google 


266  GEOLOGY  AND  PHYSICAL  GEOGEAPHY. 

together  witli  the  island  of  Tnpiassu  and  the  mainland  oppo- 
site, is  low  and  in  gi'eat  part  swampy.  Monchez  represents 
doubtfully  the  island  of  Tinhar^  as  crossed  by  two  or  three 
channels.  The  channel  west  of  this  island  is  very  narrow 
but  deep.  Into  it  flows  from  the  west  the  Rio  Jequi^,  a 
small  stream  of  little  importance.  The  nortlieastern  ex- 
tremity of  tlie  island  of  Tinhar^  is  prolonged  northward 
into  a  shai'p  promontory  called  the  Moito  de  SSo  Paulo, 
which,  according  to  Dr.  Anto.  de  Laoerda,  is  composed  of 
gneiss.*  West  of  tliis  is  a  deep  bay  some  two  miles  wide, 
and  four  or  five  deep,  into  which  the  Rio  Tinhar4  empties 
from  the  south,  and  the  Bio  Una  from  tlie  west.  This  bay  is 
remarkable  for  a  long  sliai'p  sand-spit,  the  continuation  of  a 
sand-beach,  which  projects  southeastward  into  the  deep 
curve  west  of  the  Moito  de  Sao  Paulo.  In  this  bay  are 
several  small  islands.  Mouchez's  chart  appears  to  be  very 
inaccurate.  Prince  Neu-Wied,  after  leaving  Ignez,  reached 
a  river,  which  he  calls  the  Jequeri^^,  which  he  descended 
for  some  distance,  when  he  was  arrested  and  carried  across 
tlie  country  to  Ald§a,  a  little  place  near  Nazareth.  In  his 
edition  of  Arrowsmith's  map  he  has  laid  down  his  route, 
which  he  represents  as  following  the  Una  mstead  of  the 
Jequiri^^,  which  flows  into  tlie  sea  some  ten  miles  north 
of  tlie  Una.  One  cannot  doubt  from  his  description  that  it 
was  the  Jequiri^d  which  he  descended,  and  that,  owing  to 
that  river  having  been  represented  as  emptying  into  the 
bay  of  the  Una,  he  laid  down  his  itinerary  incorrectly.  Tlie 
town  of  Valenga  is  situated  at  the  mouth  of  the  Una,  and 
is  noted  for  its  large  cotton-factory,  and  its  commerce  in 
woods  and  coffee.    From  tlie  Una  to  the  JequirigA  runs  a 

*  Pissis  also  says  that  it  Js  gneiss.     M€m.  de  Vlnstim  da  France,  Tome  X. 
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long  sand-beach,  behind  whicli  the  lands  are  at  no  great 
distance  moderately  high  and  hilly.  North  of  the  Jequiri^fi 
the  beach  is  interrupted  by  a  few  rocky  points. 

The  Bahia  de  Todos  os  Santos,  leaving  out  the  islands,  is 
a  quadrilateral  figure,  with  unequal  sides,  as  follows :  *  A  line 
from  the  Ponta  de  Saiit.  Antonio  to  the  Ponta  Garcia  runs 
approximately  soutliwest,  and  measures  a  trifle  over  eighteen 
marine  miles  ;  a  Ihie  running  along  the  western  side  of  the 
bay  would  mn  nearly  nortli-northeast,  and  measure  thirty- 
three  miles  ;  the  northeastern  side  of  the  figure  representing 
tlie  widtli  of  tlie  bay,  which  is  remarkably  uniform  through- 
out, would  ran  about  southeast,  length  fifteen  miles  ;  while 
ttie  other  aide  of  the  figure,  bringing  us  back  to  the  point  of 
departure,  would  be  approximately,  south-southwest,  sixteen 
miles.  A  large  island,  of  a  sigmoid  shape,  called  Itaparica, 
and  about  four  or  five  miles  wide  in  tlie  widest  part,  lies  in 
the  bay  with  a  general  northeast  trend,  it-s  axis  lying  several 
miles  to  the  west  of  that  of  the  bay,  and  its  southeni  end  dis- 
tant about  two  miles  northeast  of  the  Ponta  Garcia.  About 
three  miles  nortlieast  of  the  Ilha  Itaparica  is  a  considerable 
island  called  Uie  Ilha  dos  Frades,  which  lies  just  off  a  poiut 
projecting  southward  from  thehead  of  the  bay.  Tliis  point  is 
deeply  indented  by  numerous  little  estuaries,  and  several 
large  islands  lie  off  its  west  side.  The  Ilha  Itaparica  and 
the  Ilha  dos  Frades  divide  the  bay  into  two  strips,  along 
and  nai-row  one  to  tlie  west,  a  shorter  and  wider  one  to  the 
east.  With  this  general  description  of  the  bay,  let  me  now 
enter  into  a  little  more  detail.  Between  Ponta  Garcia  ajid 
the  Ponta  da  Caixa  de  Pregos  of  the  Ilha  Itaparica,  the  river 
Jaguaripe  finds  an  outlet  to  the  sea,  although  its  waters  are 
free  to  enter  the  channel  west  of  Itaparica. 

*  These  measuremfnts  I  talte  from  the  best  maps  ninl  charia  in  my  posses- 
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Tliia  so-called  river  is  aii  estuary,  which  at  the  mouth  is 
some  two  miles  wide,  but  narrows  rapidly  down,  being  at 
Nazareth,  a  town  some  ten  to  fifteen  miles  up  the  river,  only 
a  few  hundred  feet  in  width.  Steamers  ascend  to  Nazai'eth, 
but  navigation  ends  a  few  miles  above  that  town.  The  river 
rises  about  fifty  miles  west  of  Caehoeira,  and  has  a  soutli- 
eastem  course.  All  its  branches  below  Nazareth  appear  to 
have  tlie  estuary  character,  opening  broadly  into  the  river,  I 
have  never  ascended  the  river,  and  can  therefore  give  no  defi- 
nite information  with  respect  to  tlie  geological  character  and 
agricultural  capabilities  of  the  country  bordering  it.  Naza- 
reth and  Jaguaripe,  a  town  about  a  league  above  the  mouth, 
are  noted  for  their  extensive  maimfactories  of  tiles  and 
earthenware,  which  are  sent  to  Bahia.  Opposite  this  last 
town  a  canal  runs  northeastward,  joining  the  Ja^iaripe  with 
the  estuary  of  the  Jacoruna,  separating  a  large  tract  from 
the  mainland  called  the  liha  de  Santa  Anna. 

If  the  coast  should  rise  fifteen  or  twenty  feet,  the  island 
of  Itaparica  would  be  joined  to  the  maiiiland  at  its  southern 
extremity ;  for  at  low  tide  the  channel  now  separating  it 
from  the  mainland  at  tlie  junction  of  the  canal  with  the 
estuaiy  of  the  Jaguaripe  is  only  some  six  feet  deep  at  low 
water,  but  it  deepens  gradually  on  going  northward.  The 
west  side  of  the  channel  is  bordered  by  a  line  of  islands  called 
the  Ilhas  de  Parajuhia,  which  extend  almost  to  tlie  mouth  of 
the  Paragui^su.  It  is  interesting  to  compare  the  eastern 
exposed  side  of  Itaparica  with  its  long  stretches  of  searbeaclies 
uniting  i-ocky  points  with  the  sheltered  western  side,  which 
is  exceedmgly  irregular,  and  cut  up  by  bays  and  estnai'ies. 
Of  the  geology  of  Itaparica  I  know  nothing,  except  that  I 
am  infoi-med  by  Dr.  de  Laccrda  and  Mr.  Nicolay  that  the 
high   hills  are   gneiss.      In   Dr.  dc  Lacerda's   cabinet   at 
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Bahia  is  a  pebble  from  Itaparica  full  of  what  appear 
to  be  tertiaiy  shells ;  but  it;  bears  so  strongly  tlie  appear- 
ance of  a  European  formation,  that  I  moi'e  tlian  sus- 
pect that  it  has  found  its  way  across  tlie  Atlantic  in 
ballast.*  Darwin  speaks  of  deposits  of  tertiary  ehclla,  and 
Elie  de  Beaumont  says  that  M.  Pissis  fomid  tertiary  de- 
]X)sits  resembling  tlie  Eui'opean  mollasse  in  the  bay  of 
Bahia.  I  have  seen  none,  and  it  is  singular  that,  if  they 
exist,  Mr.  Nicolay,  who  has  explored  the  bay  most  indus- 
triously, should  not  have  found  them.  Li  all  probability 
botli  Danvin  and  Pissis  mistook  (most  pardonably)  the 
recent  consolidated  beaches  for  tertiary. f  Coral  banks  exist 
along  tlie  shores  of  the  island,  and  the  corals  are  collected 
ajid  burned  for  lime.  The  species  are  the  common  ones 
of  the  Abrolhos  region,  though  Heliasti'tea  appears  to  be 
more  abundant  than  at  Bahia. 

The  Rio  Paraguassu  is  the  largest  and  most  important 
stream  that  waters  the  province  of  Dahia.  It  rises  in  the 
Serra  da  Ohapada,  in  the  diamond  district  west  of  the  Bahia 
de  Todos  os  Santos,  and,  obstructed  by  many  fails,  reaches 
at  last,  a  few  miles  below  tlie  city  of  Cachoeira,  the  head  of  an 
estuary  wliich  empties  into  the  Bahia  de  Todos  os  Santos  on 
the  western  side  and  to  the  northwest  of  the  northern  extrem- 
ity of  the  Ilha  de  Itaparica.  Through  the  kindness  of  my 
friends  Dr.  Antonio  de  Lacerda  and  Mr.  Hugh  Wilson,  I  was 

*  One  must  lie  on  Lis  guard  on  the  coast  of  Braail  Bg^inst  collecting  speci- 
mens from  rocks  brought  as  ballast  not  only  from  other  pnrta  of  the  BrHsilian 
coast,  but  also  iVom  other  countries.  At  Maceio  I  saw  palaeozoic  rocks  which  I 
was  toM  came  from  North  America.  So  the  Irish  carbonifevona  limestone 
brouf;!''  *"  St.  John,  Kew  Brunswiik,  fliids  its  way  all  along  the  coast  of  that 

t  I  think  it  is  Darwin  who  speaks  of  tcrliary  fossils  as  occurring  at  the  head 
of  ihe  bay.  I  know  of  no  reason  why  fossils  sliould  not  exist  as  the  tertiary 
nick  of  that  localitj. 
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enabled  to  ascend  tlie  rivci',  or  rather  estuary,  as  far  as  tlie 
city  of  Caclioeira,  on  the  occasion  of  tlie  fHe  of  tlie  open- 
ing of  the  new  steam  tramroad  just  commenced  by  an  Eng- 
lish company,  and  intended  to  unite  the  city  of  Caclioeira 
witli  the  Villa  do  Unibii  on  the  Sao  Francisco,  and  the  fol- 
lowing observations  were  made  at  that  time.  The  entrance 
of  the  Paraguassti  is  quite  narrow,  and  bordered  by  high 
lands.  The  water  is  deep.  Some  of  the  hills  at  tlie  entrance 
may  be  five  hundred  feet  high.  Eluffs  on  the  southei-n  side 
showed  that  they  were  composed  of  horizontal  beds  of  a 
soft,  light  yellowish  brown  sandstone.  I  believe  this  to  be 
an  extension  of  the  tertiary  formation  of  the  coast. 

On  entering  tlie  naiTow  mouth  the  river  immediately 
widens  into  a  lake-like  expansion,  in  which  is  a  long,  naiTow 
island.  High  bluffs  on  the  shore  of  the  island  and  on  the 
left  bank  of  the  river  opposite  show  red  sandstone  with 
white  streaks,  and  a  beautiful  oblique  lamination.  About  a 
league  from  tlie  mouth,  just  above  the  Ban-a  do  EJo  Camu- 
rngipe,  the  rivernarrows  abruptly,  and  is  here  morctlian  one 
hundred  feet  deep.  The  land  on  each  side  of  tlie  river  is 
three  to  four  hundred  feet  high,  flat-topped,  with  steep 
slopes  toward  the  river,  and  occasional  bluifs  which  show 
red  sandstone  in  horizontal  strata,  as  below.  The  soil  is 
red,  but  thin,  and  the  vegetation  is  very  scanty,  conaisting 
of  piassabas  and  low  bushes,  with  a  few  cocoa-palms  (  Cocos 
nucifera)  and  DendSs*  QElmis  Guineensis  L.).  At  one 
place  near  tlie  battery,  called  tlie  Fortinho,  tlie  sandstone 
beds  appeared  to  have  a  slight  dip  northward,  hot  this  is 
evidently  local,  as  the  whole  formation  is  quite  undisturbed 
and  horizontal. 

*  This  palm,  an  Airipan  species,  goes  by  tlic  name  of  Caiaulife  on  tlio  Ama- 
zonas.  Tlie  i^nit  gives  an  orange-colored  oil,  much,  used  in  Brazil  for  cullnarj' 
It  is  also  employed  in  the  manufacture  of  fine  soaps. 


,db,Google 


PROVINCE    OF    BAHIA.  271 

Above  the  fort  the  rive!-  opens  out  into  another  broad  ex- 
panse, and  a  beautiful  view  is  presented.  The  whole  country 
is  an  elevated  plain,  witli  steep  slopes  to  tlie  estuary  and  its 
branches.  These  slopes  have  the  same  character  as  below, 
and  are  covered  largely  by  piassaba^palms.  An  occasional 
sugar-factory  may  he  seen  on  tlie  river.  From  tliis  lake-Hke 
expansion  of  tlie  river  a  broad  arm  extends  off  to  the 
southwestward  for  some  six  miles  in  a  broad  valley,  into 
the  head  of  which  empties  the  Rio  Capanema,  and  on  ■whieh 
is  situated  the  village  of  the  same  name.  This  arm  is  called 
the  Rio  de  Capanema,  and  it  is  said  to  receive  tlie  waters 
of  a  lake.  Maragogipe  is  a  prettily  situated  and  flourish- 
ing village,  built  at  the  base  of  tlie  chapada,  at  the  junction 
of  the  Capanema  with  the  Paraguassii.*  The  slopes  of  the 
chapadas  are  here  more  or  less  cultivated  with  corn,  Ac, 
and  there  are  lai'ge  groves  of  cocoa-palms  on  the  island  in 
front  of  the  town. 

From  the  northern  part  of  the  expanse  of  the  Paraguassii 
extends  northwards  another  arm  called  tlie  Iguape,^  into 
which  a  little  river  empties.  The  valley  of  the  Iguape  is 
broad  and  exceedingly  fertile,  and  there  are  very  many  ex- 
tensive sugai'-plantations  situated  in  it.J  Tlie  tertiary  cha- 
padas grow  higher  as  we  ascend,  and  on  the  Iguape  they 
must  be  at  least  seven  hmidred  feet  in  elevation.  Passing  the 
Iguape  the  river  narrows  very  suddenly,  and  thence  to  the 
city  of  Cachoeira  it  is  only  a  few  hundred  feet  wide.     More 

*  Cflzal,  Coroijmfiit,  Tom.  II.  p.  123,  Ears  tliat  in  the  vicinity  is  J'onnd 
antimoiuo  (ind  bSlo-arinen'io. 

■f  This  name  is  rather  uncommon,  being  found  only  a  few  times  on  the  Brazil- 
inn  const.  It  appears  to  t>e  another  form  of  Ygarape,  cnnoc-path  or  channel,  a 
name  applied  to  the  side  channels  of  tlie  Amazoiias.    (See  Index.) 

\  Cazn!  says  that  the  soils  of  the  valley  of  Iguape  are  the  best  known  for  the 
cultnreof  cane,  heing:of  black  massajirf and  strong.     Cor.  Braz.,  Tom.  II.  p.  125. 
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properly  speaking,  the  mouth  of  the  Paragu^su  is  here,  and 
the  irregular  sheet  of  water  below,  to  tlie  bay,  is  a  tidal 
estuary.  At  the  point  where  the  river  flows  into  the  estuaiy, 
rock  shows  itself  in  tlie  river-banlis,  and,  according  to  Senhor 
Przewodowaki,  who  accompanied  me  on  tlie  Yoyage,  is  the 
corof&o  de  negro  rock,  like  that  of  Eahia.  The  strike  is 
N.  40°  E.  Dip  vertical.  The  country  bordering  the  river 
consists  of  rounded  hiUs,  back  of  which  are  the  elevated 
cliapadas.  Ericks,  tiles,  and  pottery  are  largely  manufac- 
tured on  the  river,  from  the  clays  of  the  aUuvial  river-banks. 
The  water  of  the  river  is  very  turbid  and  brownish. 

The  stream  narrows  as  we  ascend,  and  is  so  shallow  that 
two  of  the  little  steamers  with  a  part  of  tlie  excursionists 
from  Eahia  got  aground.  There  are  a  few  sugar  fazendas 
on  the  river  below  Cachoeira.  Above  Cachoeira  the  river 
is  obstructed  by  falls  and  rocks.  The  town  of  Cachoeira, 
a  respectably  sized  village,  is  noted  more  particularly  for  its 
export  of  sugar  and  cigars. 

The  country  bordering  the  Ealiia  de  Todos  os  Santos  is 
in  general  terms  very  productive,  and  it  lias  long  borne  the 
name  of  the  "  Reconcavo."  Sugar  is  the  principal  product, 
though  mandioca,  &c.,  are  cultivated.  The  tertiary  de- 
posits extend  across  from  the  Paraguassu  to  Sant.  Amaro,  a 
flourishing  city  on  the  river  Serigi,  some  three  leagues  above 
the  moutli,  axicording  to  my  friend  Dr.  Brunet,  the  Director 
of  the  Agricultural  Institute  of  Eahia.  Dr.  Brunet  informs 
me  that  the  lands  of  the  vicinity  of  Sant.  Araaro  are  very 
fertile.  Sugar  and  farinha  are  the  principal  products.  Here 
is  situated  the  Agricultural  Institute  above  spoken  of.  Eas(> 
ward  the  tertiary  beds  extend  to  tlie  Eahia  and  Sao  Fran- 
cisco Railroad. 

It  is  interesting  to  compare  the  Bahia  de  Todos  os  Santos 
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with  the  Bahia  do  Rio  de  Janeiro.  Tlie  latter  is  alao  divided 
almost  into  two  parts  by  tlie  Hha  do  Governador  and  the 
islands  to  the  northeast ;  but  the  most  interestuig  point  is 
to  observe  the  difference  in  the  character  of  tlve  rivers  emp- 
tying into  the  two  bays.  Those  of  Rio  are  all  small,  and  at 
their  mouths  they  are  bordered  by  flat  grounds  and  mangrove 
swamps,  owing  to  tlie  rapid  building  out  of  the  land ;  for 
the  lands  about  the  bay  ai'e  mountainous,  and  the  streams, 
swollen  by  heavy  rains,  bring  down  an  immense  quantity  of 
sediment  into  the  bay.  The  lands  bordering  the  Baliia  de 
Todos  OS  Santos  are  high,  and  stretches  of  sands  and  man- 
grove swamps  are  rare ;  wliile  tlie  rivers,  bringing  down  less 
sediment,  are  not  so  contracted  at  their  mouths,  but  open 
out  broadly  into  tlie  bay. 
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CHAPTER    VI. 

THli   SAO   FEANCISCO   BASIN. 

The  Explorations  of  Halfeld,  Liais,  St.  John,  Allen,  Waitl,  Burton,  &c.  —  Gen- 
eral Shape  of  the  Basin.  —  lis  uniform  Width.  —  The  Sao  Francisco  Valley 
hollowed  ont  of  a.  Series  of  horizontal  Beds  of  Limestone  and  Sandstone.  — 
The  Chnpadas.  —  The  so-called  "  Serra"  sepamiing  the  SSo  Francisco  from 
tlie  Tocantins  Basin  an  irregular  Strip  or  Table-land  of  Sandstone,  —  The 
Serras  of  Araripe  and  Dous  Imiitos.  —  Table-topped  Hills  in  the  Valley  of 
the  Sao  FranoiBCD;  OutJiers  of  the  Chapadas.  —  Doubts  about  the  Age  of  the 
Sandstones  and  Limestones.  —  Limestones  of  the  Rio  das  Vellias.  —  Eemains 
of  Extinct  Qaadnipeds  in  Brazil,  spoken  of  ty  Caaal,  Spis  and  Martina,  &c. 
—  Claussen's  Discoveries  in  the  Caves  at  Curvelo.  —  Dr.  Land's  exhaustive 
Researches  at  Lag6a  Santa.  —  Caves  described ;  their  Numher,  Extent,  Sta- 
lactites and  Deposits  of  Bones  in  Saltpetre  I: artli.  —  Immense  Quantities  of 
small  Bones  brou^fht  in  by  Owls,  &c.  —  Large  Number  of  Fossil  Animals  dis- 
oovored  by  Ltind.  —  Former  Existence  of  Megathei'ia,  Mylodons,  Mastodons, 
immense  Armiidlllos  and  Cats,  Horses,  &c.,  in  Brazil.  —  llcmains  of  a  Race 
of  Man  of  high  Antiquity.  —  Rcinhardt's  Generalizations.  —  The  Kio  de  SSo 
Francisco  of  the  Sixteenth  Clusa  among  the  Rivers  of  the  World,  but  tilled 
in  Rank  in  Brazil.  —  General  Description  of  the  Stream.  —  Its  Affluents, 
the  Rios  Pari,  Paraopeha,  and  Das  Velhas.  —  The  Rio  das  Velhas  alone 
capable  of  being  made  navigable  for  Steamers.  —  The  SSo  Francisco  naviga- 
ble with  but  few  Interruptions  for  two  hundred  and  sisty-fonr  Leagues  below 
the  Rio  das  Velhas — Cost  of  removing  Obstructions.  — Proposed  Railway 
ftom  Joaaeii-o  to  Piranhas.  —  Fertility  of  Low  Lands  of  Sao  Francisco  Val- 
ley.—  Liais's  Picture  of  the  Campos. 


9  take  up  the  geology  of  the  interior  and  western 
portion  of  the  province  of  Baliia,  whicli  latter  embraces  a 
considerable  part  of  the  basin  of  the  SSo  Francisco,  I 
propose  to  give,  in  a  few  words,  a  sketch  of  the  geology 
and  liydrograpliy  of  the  whole  basin  ;   and  this  is  the  more 
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needed,  since  further  on  we  shall  have  to  visit  the  lower 
part  of  the  great  river,  aiid  it  will  be  necessary  to  consider 
some  questions  bearing  on  its  navigation,  &c. 

No  river  in  Braail  ha^  been  so  carefully  studied  and 
mapped  as  the  Sao  Francisco  and  its  tributaiy  the  Eio  das 
Velhaa.  Halfeld  explored  the  main  river  from  the  conflu- 
eiioe  of  the  two  streams  to  tlie  sea,  and  published  a  few  years 
ago  a  magnificent  chart  of  the  river  in  atlas  form,  accom- 
panied by  a  detailed  description  of  every  league.  He  also 
made  an  estimate  of  the  cost  of  removlug  the  obstacles  to 
navigation,  so  as  to  render  it  a  great  interior  water  high- 
way. But,  as  Burton  and  Liais  have  remarked,  the  chart 
of  the  liver  is  ratlier  a  detailed  plan  than  a  acieutifically 
accurate  map,  as  it  wants  tiie  meridians  and  parallels, 

M.  Emmanuel  Liais,  the  author  of  L'Espace  Celeste, 
made  a  most  elaborate  survey  of  the  Rio  das  Velhas  and 
Upper  Sao  Francisco.  In  his  report  *  on  tiiis  survey  the 
obsti'uctions,  anch  as  rocks,  rapids,  &c.,  are  shown  in  dia- 
gram and  described,  and  estimates  are  given  of  tlie  probar 
hie  expense  of  removing  them.  Almost  all  the  well-known 
explorers  of  Brazil  have  visited  some  part  of  the  SSo  Fran- 
cisco basin.  Among  the  later  are  Messrs.  St.  John  and 
Allen  of  the  Thayer  Expedition,  the  former  a  geologist,  the 
latter  an  ornithologist,  but  a  good  geological  observer. 
Mr.  St,  John  made  an  exceedingly  careful  examination  of 
the  valley  of  the  Rio  das  Velhas,  and  of  the  SSo  Francisco 
as  far  as  the  Barra  do  Rio  Grande,  whence  he  crossed  over 
into  tlie  basin  of  the  Parnahyba,  and  continued  his  explora- 

»  Hyarographie  du  Haul  San-Franotspo  et  da  Eio  dns  Volliaa,  on  resultata 
au  point  devue  hjdrographique  d'nn  voyage  effectiiii  dans  la  proviiiTOdoMinaa 
Geraes,  par  Emm.  Litiis,  Onvrage  pobli^  par  ordre  du  gDuYemement  imp^- 
riai  du  Bi'esil,  et  accompagn^  da  cartes  lev&s  par  rnurciir  flvec  la  tollaboratitlii 
de  MM.  Eilw.  Joae  de  Moraes  ot  Ladislas  de  Souaa  Mello  Netto.     1865. 
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tions  across  the  provincea  of  Piauhy  and  MaranliSo  to  tlie 
city  of  Sao  Luiz.  Mr.  St.  Jolm  liad  tlie  good  fortune  to  ex- 
amine the  geology  of  a  route  along  which  the  geological 
features  of  the  country,  tbougli  somewliat  monotonous,  aj-e 
more  exposed  to  view  than  along  almost  aiiy  other  that 
could  liave  been  assigned  liim.  He  did  his  work  thorough- 
ly, and  his  report  will  be  of  great  interest  when  published, 
and  we  liope  tliat  it  will  not  be  long  delayed.  Mr.  Allen, 
suffering  from  ill  health,  parted  with  his  companion  and 
went  on  to  Chique-Chique,  where  he  took  mules  and 
crossed  the  province  of  Ealiia  to  Cachoeira.  Mr.  Allen 
has  made  a  valuable  report  on  that  part  of  the  country 
which  he  visited  alone,  and  he  has  been  kind  enough  to 
give  me  some  notes  on  tlie  geology  and  physical  geography 
of  the  province  of  Bahia,  which  I  shall  insert  iu  a  subse- 
quent chapter. 

Finally  we  have  Burton,  who  in  1867  explored  the  Rio  das 
Velhas  and  SSo  Francisco  to  the  sea,  and  he  has  given  us 
an  account  of  his  journey  in  the  second  volume  of  his 
"  Highlands  of  Brazil."  This  book  is  like  a  series  of  sharply 
drawn  photogi-aphs  of  nature  and  life  along  his  route.  It 
is  exceedingly  full  of  facts  of  every  kind  ;  but  bis  peculiar 
style,  and  wholly  unique  geological  language,  render  his 
geological  observations  in  many  cases  quite  valueless. 

Tlie  basin  of  the  Sao  Francisco  is  a  peculiar  one.  It  is 
long,  of  veiy  equal  width,  the  lower  half  making  a  strong 
curve,  the  convexity  of  which  faces  the  northwest.* 

The  head  of  the  basin,  bounded  by  high  serras  of  eozoic 
and  older  Palaeozoic  metamorphic  rock,  narrows  rapidly  to- 

•  Linia  calls  attention  to  the  very  Tiniform  width  of  the  Sao  Francisco  val- 
lej,  ana  says  that  it  varies  from  fiftj-  to  eig-hty  leagues.  See  liie  paper,  Le  Rio 
San-Francisco  ou  BrA^il,  Ball  tie  la  Sec.  de  Ge^jn-jiliie,  Fifth  Seric,  II.  p.  389. 
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ward  the  south,  and  at  the  apex,  near  Ouro  Preto,  are  some 
of  tlie  liigUest  elevations  in  Brazil.  It  is  separated  from  the 
coast  river  basins  by  the  ridges  of  the  gi'eat  metamorphic 
coast  belt  and  tlie  line  of  chapadaa  running  along  a  part 
of  its  summit,  the  whole  collectively  called  the  Seri'a  do 
Espinha^o  by  Baron  von  Eschwege.  This  metamorphic  belt 
flattens  down  between  the  two  provinces  of  Baliia  and  Per- 
nambuco,  and  the  basin  bends  round  to  tlic  east  and  crosses 
it,  opening  out  to  the  sea. 

The  whole  length  of  the  basin  is  not  far  from  twelve  hun- 
dred miles,  and  its  greatest  width  not  more  tlian  two  hun- 
dred and  forty.  It  is  separated  from  the  ParanS.  basin  by 
metamorphic  serras,  which  become  lower  as  one  goes  north- 
ward, finally  dipping  under  a  sheet  of  sandstone  corre- 
sponding to  that  of  the  chapadas  along  the  Serra  do  Es- 
pinha^o,  and  which  run  northward  to  the  province  of 
Piauhy,  forming  a  t-able-land,  flat  topped,  without  mountains, 
and  of  a  varying  widtli,  which  sends  out  broad  spurs  of 
chapadas  between  the  affluents  of  botli  the  Sao  Francisco 
and  the  Toeantins  basins. 

Mr.  Ward  t«lls  me  tliat  the  valley  of  the  Sao  Francisco, 
along  the  western  flank  of  the  GrSo  Mogor,  is  skirted  by 
high  chapadas  composed  of  sandstones  and  limestones,  hav- 
ing precisely  the  same  character  as  those  of  the  opposite 
side  of  the  valley ;  the  chapads^  sending  out  spurs  into 
the  valley.  These  chapadas  are,  when  diy,  covered  by 
tlie  ordinary  campos  vegetation,  but  magnificent  groves 
of  Buriti  palms  are  found  in  tlie  damp  shallow  valleys, 
Mr.  Ward  estimates  the  height  of  these  elevated  plains  at 
2,500-3,000  feet.  They  break  down  abruptly  on  reach- 
ing ihe  Sao  Francisco  valley.  Mr.  Ward  describes  tlie 
flat-topped  hills  of  the  valley  as  outlicj~s  of  Hie  sandstones 
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and  limestones,  and  lie,  I  think,  rightly  ascribes  their  lower 
height  to  their  having  suffered  denudation. 

On  nearing  the  limits  of  Piauliy  the  basin  reaches  the 
metamorphic  belt,  and,  being  prevented  from  extending 
northward  by  the  sandstone-crowned  metamo]-phic  ridge  of 
the  Doua  IrmKos,  bends  round  as  above  described  and  flows 
to  the  east.  The  chapada^  I  have  mentioned  continue  on, 
lyith  more  or  less  breaks,  along  the  northeru  side  of  the 
bashi  forming  the  seiTa  of  Araripe.  The  upper  part  of  the 
basin  is  occupied  by  horizontal  limestone  deposits,  while 
farther  down  are  sandstones,  shales,  &e.  The  lower  half 
of  tlie  valley,  almost  to  the  sea,  is  cut  down  to  tlie  bottom 
metamoi-phic  rocks.  The  basm  was  primarily  detei-mined 
by  the  ancient  denudation  of  the  metamorphic  rocks ;  but  as 
it  stands  to-day  it  is  worn  in  the  great  sandstone  sheet, 
which  I  shall  in  tlie  course  of  the  succeeding  chapters 
attempt  to  show  covered  tlie  whole  plateau  of  Brazil.  It 
is  tlie  fashion  among  map-drawers  to  throw  in  a  range  of 
mountains  separating  two  great  river  basins,  especially  if 
tliere  is  known  to  be  any  high  ground  between  them,  and 
tliis  mountain  range  is  carefully  drawn  along  the  sum- 
mit line  of  the  water-shed.  Brazil  is  usually  represented 
as  traversed  in  all  directions  by  mountahi  chains,  drawn 
as  if  tliey  were  all  alike  narrow  ridges.  But  rivers  may 
take  their  rise  on  elevated  plains,  and  the  water-shed  may 
be  only  an  insignificant  bulging.  It  is  so  with  the  great 
divide  between  the  La  Plata  and  Amazonian  systems.  In 
the  case  of  the  Tocantins  and  Sao  Francisco  the  streams 
traverse  an  elevated  plateau  of  sandstone,  which  forms  on 
top  a  plain.  The  branches  taking  their  rise  on  tlie  divide, 
and  flowing  in  opposite  directions,  have  cut  for  themselves 
valleys  that  widen  out  towards  tlieir  respective  main  rivers, 
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SO  that  tlie  high  lands  separating  tlie  two  basins,  instead  of 
being  a  narrow  mountain  cliain,  consist  of  an  elevated  plain 
sending  out  jagged  spurs  between  the  valleys  of  llie  tribu- 
tary streams.  Outliers  of  these  cbapadas  form  isolated  table- 
topped  hills  and  ridges  bordering  the  main  stream  of  tlie 
SSo  Francisco  as  far  down  as  the  Great  Falls.*  These 
high  lauds,  usually  drawn  on  maps  as  narrow  ridges,  appear 
like  ranges  of  upheaval,  and  the  maps  are  only  calculated 
to  mislead  the  geologist  and  phj&ical  geographer. 

Tlie  stratigraphical  relationship  of  the  limestones  has  yet 
to  be  worked  out,  but  tliey  appeal'  to  underlie  the  sandstone 
of  tlie  Tocantins-SSo  Francisco  divide,  for  both  Gardner 
and  Ward  speak  of  tlieni  as  appearing  in  the  lower  part  of 
the  slopes  in  descending  from  the  cbapadas  into  tlie  SSo 
Francisco  valley.f  I  bhall  leave  the  detailed  description 
of  these  deposits  to  Mr,  St.  John,  to  whose  report  it  prop- 
erly belongs,  and  confine  myself  only  to  a  few  points  well 
determined  by  other  geologists,  and  which  I  need  to  state 
here  in  order  to  complete  that  general  sketch  of  Brazilian 
geology  and  physical  geography  which  I  am  attempting  to 
give. 

According  to  Reinhardt,  the  limestone  of  the  Rio  das 
Vellias  is  dark  gray  in  color,  fine-grained  and  cryfttalline. 
It  splits  into  thin  slabs,  and  is  so  sonorous  that  plates  of  it 
were  used  formerly  as  hells  to  the  churches,  Lund,  Bur- 
meister,  Reinhardt,  St.  John,  and  in  fact  all  the  geologists 
who  have  examined  the  litne^itone,  testify  that  it  is  with- 

*  I  think  that  I  may  safely  say  that  all  the  great  norch-soath  ranges  of  high 
land  in  Braiil,  north  of  the  latitude  of  Dinmaiitina,  except  tlie  GrSo  Mogor, 
neually  described  and  mapped  as  mountBin  chains,  are  ranges  of  chnpodns  or 
narrow  plateaus  resulting  from  denudation. 

t  Mr.  St.  John  tells  me  that  they  underlie  the  sandstones  of  the  SSo  Fran- 
Cisco  Ydky. 
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out  fossils,  and  it  has  been  supposed,  if  I  rightly  under- 
stand Lnnd,  to  be  very  old,  and  probably  Palseozoic.  Ucin- 
hardt  would  make  it  Devonian.  I  see  no  good  reason  for 
coming  to  such  a  conclusion.  The  want  of  fossils  is  no  cri- 
terion of  the  age  of  a  formation ;  it  is  no  proof  tliat  a  rock 
is  old  simply  because  it  contains  no  fossils ;  nor  would  the 
apparently  metamorphosed  and  somewhat  crystalline  con- 
dition of  the  rock  neceasai'iiy  show  that  it  was  very  ancient. 
The  metamorpiiism  of  rocks  is  largely  due  to  the  action 
of  water  ;  and  in  the  decomposition  of  the  rocks  of  Brazil 
we  see  what  a  powerful  agent  meteoric  water  is  in  working 
changes  in  tlie  rocks.  We  know  that  tlie  limestones  of  the 
Kio  das  Vellias  are  plentifully  soaked  with  water  by  the  heavy 
rains,  and  the  metamorphism  of  tlie  limestone  is  doubtless 
due  to  tliis  cause.  Compact  limestones  witliout  fossil  re- 
mains are  not  by  any  means  uncommon  all  over  the  globe, 
and  they  may  be  of  any  age.  These  limestones  were  depos- 
ited at  the  head  of  the  Sao  Traiicisco  basin,  in  a  bay  shel- 
tered on  the  east,  south,  and  west  by  Iiigh  lands. 

In  these  limestones  are  the  celebrated  bone  caTCnis,  of 
which  I  will  give  some  account  before  I  describe  the  great 
river  and  its  navigation. 

It  appears  to  have  been  Cazal  who,  in  1817,  first  called 
attention  to  the  existence  of  bones  and, skeletons  of  giant 
extinct  quadrapeds  in  Brazil ;  *  but  similar  remains  Iiad 
been  foniid  even  as  far  back  as  1602,  or  earlier,  by  the  first 
explorers  in  Bolivia  and  on  the  Pampas.  Spix  and  Mar- 
tius  have  described  many  locaHties  in  the  provinces  of 
Minas  Goraes  and  Bahia  whei-e  mammalian  remains  were 
found ;  and  Eschwege,  St.  Hilaire,  and  other  travellers 
spoke  of  the  occurrence  of  those  remains,  not  only  in  the 
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deposits  in  shallow  hollows  in  the  rock,  but  also  in  the 
saltpetre  caverns  of  Minaa  Geraes  ;  hut  no  one  of  these 
travellers  made  a  systematic  examination  of  any  of  the 
localities,  and  we  are  indebted  almost  entirely  to  the  dis- 
tinguished Dane,  Dr.  P.  W.  Lund,  for  what  we  Jmow  of 
the  fossil  fauna  of  tlie  bone  caverns  of  Brazil.  Lund 
had  been  travelling  many  years  in  Brazil  in  company 
with  Riedel,  the  botanist,  and  was  on  his  return  witli  him 
to  Rio  when  he  accidentally  heard  of  Claussen,  another 
Dane,  who  was  residing  near  Curvelo,  in  the  valley  of  the 
Eio  das  Vellias.  Claussen  had  been  examining  the  salt- 
petre caves  of  the  vicinity,  and  collecting  bones  from  them, 
and  Dr.  Eeinhardt*  tells  us  that  when  Lund  visited  him 
he  was  trying  to  study  them  out  with  the  aid  of  Buck- 
land's  Reliqua  Diluviance.  This  was  in  1834.  Lund  saw 
tliat  here  was  an  immciise  field  to  explore ;  and  as  soon 
ea  he  could  honorably  withdraw  from  Riedel,he  returned  to 
Cachoeira  do  Campo  to  examine  some  caverns  there  ;  but 
he  soon  rejoined  Claussen,  and  worked  with  him  for  some 
time.  The  two,  however,  seem  not  to  have  agreed  well  to- 
gether, and  in  1835  Lund  withdrew  to  LagSa  Santa,  and  he 
has  remained  tliere  ever  since  devoting  his  time  to  an  ex- 
haustive examination  of  the  bone  caverns  of  the  vicinity, 
reaping,  as  we  shall  see,  a  rich  harvest  for  science.  Bur- 
ton tells  us  that  the  distinguislied  geologist  is  confined 
to  Brazil  by  consumptive  tendencies,  and  is  bedridden  by 
rheumatism. 
The  region  in  which  LagQa  Santa  is  situated  is  composed 

*  For  most  of  tlie  facta  in  this  account  of  Lnnd's  researchca  in  tlie  bone 
caves  of  Braiil  1  ma  indebtea  TO  the  very  interesting  paper  of  Professor  J. 
Eeinhavdt,  in  Liitken's  popular  Tidsslcrijt,  enfitled  Zte  Brasilianake  KnogMuhr 
og  de  i  dem/orekomminii/i!  Dyrdevninger. 
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of  beds  of  limestone  and  shales,  the  limestone  lying  be- 
low and  the  shales  above,  the  whole  being  covered  by  a 
bed  of  red  earth,  which  Reinhardt  describes  as  resulting 
simply  &'om  the  decomposition  of  tlie  shales,  but  which 
Lund,  if  I  rightly  understand  him,  believes  to  he  the 
same  red  clay  which  covers  the  whole  country,  and  which 
Professor  Agassia  and  I  would  refer  to  the  drift.  These 
beds  are,  as  already  remarked,  horizontal,  and  are  traversed 
by  naiTOW,  often  ramifying  channels,  caused  by  tlie  widening 
of  the  joints  of  the  limestone  by  the  penetration  of  surface 
waters  which  sometimes  form  therein  subterranean  streams  ; 
for  in  the  limestone  i-egion  the  streams  sometimes  disappear 
and  pursue  an  underground  course,  often  for  a  long  distance. 
Professor  Eeinhardt  gives  a  ground-plan  of  the  principal 
ramifications  of  one  of  the  most  noted  caverns,  called  the 
Lapa  Vermellia,  situated  about  a  mile  from  LagSa  Santa, 
and  this  plan  I  liave  reproduced   below.*     According   to 


-^ 
--<i^ 


T>^ 


^■vs 


*  It  was  drawn  by  Lund's  former  assistant,  the  Inte  Pet^r  Andreas  Brandt, 
and  gives  only  the  larger  galleries  of  tlie  cavern.  Besides  tliese,  there  are  in- 
numerable smaller  ones,  some  of  which  are  only  mere  cracks  where  the  joints 
Lavo  been  widened  by  the  water. 
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Ilciiiliardt,  this  cavern  extends  over  two  tlioiisancl  feet  into 
the  rock,  growing  nari'ower  and  narrower,  until  it  becomes 
only  a  mere  canal.  The  floors  are  usually  horizontal.  Some- 
times the  caverns  are  only  narrow  cracks,  at  others  they  are 
wide  arched  galleries,  which  not  infrequently  open  into  lai'ge 
halls.  The  waWs  and  roof  are  smooth  and  without  sharp 
corners.  Reinhardt  is  inclined  to  believe  that  the  excavation 
of  the  caverns  lias  been  partially  due  to  the  surface  waters, 
which  have  in  soaking  through  tJie  rock  dissolved  away  the 
surface  of  the  walls.  That  this  has  been  the  case  to  a  con- 
siderable extent  is  proved,  as  Reiiihardt  has  remarked,  by 
tiie  projection  from  the  smooth  limestone  wall  of  very  thin 
sheets  of  clay,  which  would  certainly  have  been  worn  away 
if  the  whole  hollowing  out  had  been  performed  by  running 
water.  One  thing  seems  quite  certain,  that  these  caverns 
were  excavated  before  tlie  valleys  of  the  region  in  which  they 
occur.  The  roof  and  sides  of  the  caves  are  often  covered 
by  very  large  and  beautiful  stalactites  of  a  great  variety 
of  forms,  A  stalagmitic  crust  soinetimes  covers  the  earthen 
iioor,  and  in  some  caves  there  ai-e  large  pillars.  These 
stalactites,  formed  by  the  exceedingly  slow  deposition  of  cal- 
careous matter  by  the  water  trickling  through  the  rock, 
sJHce  the  time  when  the  clay  of  the  floor  was  deposited, 
bear  some  testimony  aa  to  the  great  age  of  the  bones  therein 
buried. 

Tlie  earth  covering  tlie  floor  is  a  yellowish-red  clay, 
which  is,  according  to  Lund,  like  Uie  supei-flcial  soil  of 
the  country.  All  authors  describe  it  in  very  much  the 
same  way.  It  is  however  very  clear,  from  its  mode  of 
occurrence,  that  it  is  not  drift,  and  that  it  is  a  deposit  in- 
troduced into  the  caves  by  the  action  of  the  surface  waters  ; 
but  prcoiaely  how  may  be  a  question.     The  earth  often  con- 
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tains  fragments  of  quartz  and  other  rocltg,  Rcinliardt  ia 
of  tlie  opinion  that  it  has  been  introduced  from  above  by 
the  water  flowing  into  tlie  caves  tlirough  the  overlying  red 
earth  and  decomposed  shales.  It  appears,  in  some  cases, 
to  have  once  filled  the  caves  from  floor  to  roof,  and  to  hate 
been  subsequently  more  or  less  completely  waslied  out. 
This  red  earth  ia  strongly  impregnated  with  saltpetre,  and 
its  estraction  is  so  profitable,  that  the  Brazihans  have 
removed  it  entirely  from  many  of  the  caves.*  Reiuhardt 
Bays  that  a  small  cartful  sometimes  produces  as  much  as 
two  stones,  or  an  arroba,  of  the  salt.  Bones  of  extinct  ani- 
mals occur  buried  in  this  clay  in  almost  all  the  caverns,  but 
in  such  small  quantities,  in  the  majority  of  them,  that  they 
do  not  reward  the  pains  of  the  collector.  Luud  told  Bur- 
meister  that  he  had  examined  at  least  one  thousand  caves ;  out 
of  these  only  sixty  contained  bones  in  any  quantity,  and  but 
half  that  number  really  paid  for  working.  Tlie  number  of 
caves  13  astonishing,  aud  Burmeister  teila  us  tliat  almost 
every  bank  has  its  cavern.  They  are  not  confined  to  the 
immediate  vicinity  of  LagSa  Santa,  but  are  found  in  great 
numbers  throughout  the  limestone  region.  The  skeletons 
found  in  tliera  are  usually  disarticulated.  The  bones  are 
often  much  broken  and  almost  invariably  scattered  about, 
so  that  the  discovery  of  an  entire  skeleton  is  hardly  to  be 
thought  of.  Besides  tliis,  the  earth  in  which  the  bones 
occur  is  much  cemented  together,  and  has  to  be  broken  up 
to  allow  of  their  extraction.  The  bones  are  not  all  of  the 
same  age,  and  a  large  proportion  of  Uiose  in  some  caves 
belong  to  now  existing  animals.  But  in  otlier  caverns 
there  are  found  remains  of  extinct  animals  of  high  an- 
tiquity. 

'^"  H(;o  note  on  saltpetre,  ricar  en^  of  Ciiapler  VII. 
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Some  of  the  cave3  contain  immense  quantities  of  small 
bones  belonging  to  bats  and  small  animals  of  existing  spe- 
cies. Near  Caxoeira  do  Campo  is  a  cave  about  120  feet 
long,  30  to  40  feet  high,  and  6  to  9  feet  broad.  Over  a  part 
of  the  bottom  lay  quite  a  thick  bed  of  earth  filled  with  small 
bones.  Lund  carried  out  half  a  cubic  foot  of  this  earth, 
and  counted  all  the  half-underjaws  he  found  in  it.  Of  small 
opossuma  (^pungrotter')  there  were  400,  and  about  2,000  of 
different  kinds  of  mice,  besides  bats,  porcupines  (^pigrotter'), 
and  small  birds.  Anotlier  interesting  instance  is  relat-ed  by 
Eeinhardt,  Lund  had  the  \sl  le  oftl  layb  u  Itf  n 
a  cave  at  the  fazenda  of  Esc  a  an  wh  1  wa  ly  4  f  t 
deep.     Tliis  earth  filled  6,55     fi  1  L  nl   1  t    n       d 

the  number  of  half-undeija^  s  f    nl    n  a      rta 
and  calculated  that  in  th     wl    1  tl        w        tl 

remains  of  not  less  than  6,881,500  individuals  of  cavias, 
opossums,  porcupines,  and  mice  !  Beside  these  there  were 
immense  quantities  of  bones  of  small  birds,  lizards,  frogs, 
&c.  And  all  these  bones  had  been  brought  into  Uie  cave 
by  owls !  Now  owls  are  unsocial  birds,  and  we  cannot 
resist  tlie  conclusion  of  Eeinhardt,  that  the  deposit  must 
have  been  gathering  for  many  thousands  of  years.  While 
these  bones  belong  to  the  present  geological  epoch,  those 
buried  in  the  red  clay  below  the  stalactite  accumulations 
belong  to  a  more  ancient  time,  and  are  for  the  greater  part 
of  extinct  forms ;  and  it  is  from  tiiis  source  that  the  bones 
of  the  Megatherium  and  other  giant  animals  are  derived. 

Of  these  animals  there  have  been  discovered  by  Messi-s, 
Iiund  and  ClaushCn  115  species  of  mammals,  belonging  to 
58  different  genera,  distributed  as  follows :  —  * 
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Quadrumana 
Cheiroptera 
Camivora     . 
Eodeotia 
Edentata 
Pachjdormata  , 
Ruminautia . 
MarsupialJa 


58  115 


With  bones  of  extinct  animals  occur  those  of  now  liying 
species,  as,  for  instance,  Cervus  mfus,  Cervus  simplicicor- 
nis,  Sciurus  cBSluans,  Echimys  Cayennensis,  Myrmecopha^a 
tetradactyla,  Lepvs  BrasUiensis,  Felis  concolor,  and  Felis 
mitis.'"  Among  the  extinct  quadrupeds  may  be  mentioned 
the  Mastodon,  whose  remains  have  been  only  rai'ely  found 
in  caverns,  but  more  often  in  pits  and  holes.  There  were 
bones  of  species  of  Maeraxichenia,  Toxodon,  Ohlamydothe- 
rium,  and  of  tlie  gigantic  Glyptodon  (Hoplophoms),  Mylo- 
don,  and  Megatherium,  Among  the  caraivora  were  wildcats 
and  jaguars,  and  a  species  of  Smilodon  (S.  Tteogams), — 
an  immense  cat-like  animal  with  enormous  knife-like  canine 
t«eth  in  the  upper  jaw,  allied  to  the  fossil  European  species. 
Of  monkeys  Lund  found  but  few,  and  they  belonged  to  the 
genera  Callithrix,  Hapale,  Ateles,  and  Protopithecus,  the 
latter  being  an  extinct  genus.  In  six  or  seven  of  the  holes 
Lund  found  stone  implements  and  remains  of  man  so  buried 
with  the  remains  of  the  extinct  fauna,  as  to  leave  no  doubt 
that  man  was  contemporaneous  with  it  in  Brazil  as  in  E71- 
rope.     In  the  Suraidouro  cavern  they  were  found  mingled 

*  Reinhaivit,  op.  at.,  p.  315. 
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with  bones  of  tlio  extinct  cavern  jaguar  (^Felis  protopanther') 
an  immense  Oapibara  (^Hi/drochcErus  sulcidens),  together 
with  remains  of  llamas  and  horses,  which  last  certainly 
existed  in  Brazil,  as  in  North  America,  long  before  tlie 
conquest.  According  to  Reinhardt,  tlie  race  of  men  whose 
remains  Lund  has  found  appear  to  have  been  well  built,  but 
slender.  The  same  writer  states  that  a  skull  ho  examined 
was  dolichocephalic  and  somewhat  prognathous.  It  was  of 
medium  size  and  ridged  with  a  very  prominent  cheekbone, 
a  small  forehead,  and  eyes  wide  apart.  The  walls  of  the 
skull  were  extraordinarily  thick. 

Reinhardt*  has  come  to  some  interesting  conclusions  with 
reference  to  tlie  history  of  the  cave  fauna,  and  I  ti'anslate 
tiiem  in  full.     They  are :  — 

"  1.  Tliat  Brazil,  in  tlie  post-pliocene  time,  was  inhabited 
by  a  very  rich  mammalian  fauna,  of  which  the  present  may 
be  said  to  be  a  fraction  or  stunted  remainder,  since  many 
genera,  nay,  even  large  systematic  groups,  such  as  families 
and  suborders,  have  disappeared,  and  only  very  few  have 
come  down  to  our  day, 

"  2.  That  tlie  Brazilian  mammalian  fauna,  in  tlie  whole 
post-pliocene  time,  had  tlie  same  peculiar  stamp  which  in 
the  present  distinguishes  the  South  American  fauna  in 
comparison  with  that  of  the  Old  World,  while  the  extinct 
genei-a  belong  to  families  and  groups  which  still  to-day  par- 
ticularly characterize  South  America.  Only  two  of  these 
genera,  one  extinct,  the  Mastodon,  the  other  still  existing, 
the  horse,  belong  to  families  which  are  entirely  confined  to 
the  Eastern  hemisphere,  and  form  exceptions  to  the  rule, 

"  3.  That  the  mammalian  orders  were  far  from  being 
richer  in  genera  fonnerly  than  now.     The  Ruminants,  Pa- 

*  Lutkcn's  Tidsskrijl,  3^'"  E.,  4"  Bind,  i"  HefM,  jj.  351. 
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chyderms,  Elephants,  and  tlie  Carnivora  have  suffered  the 
greatest  loss.  Some  orders,  as  the  Cheiroptera  and  Mon- 
keys, number  perhaps  to-day  more  genera  than  formerly. 

"  4.  That  in  South  America  the  post-phocene  mammalian 
fauna  was  more  distinct  from  Uie  present  fauna,  and  was 
more  especially  rich  in  peculiar  and  now  extinct  genera  than 
was  the  case  with  the  corresponding  fauna  in  t!ie  Old  World. 

"  6.  That  the  poverty  in  large  animals,  one  may  almost  say 
tlie  dwai'fish  character,  which  in  our  day  the  Soutli  American 
mammalian  fauna,  in  compaiison  with  the  mammals  of  tlie 
Eastern  hemisphere,  was  far  fi-om  obtaining,  or  rather  did 
not  ohtain  at  all  in  the  prehistoric  fauna.  Tlie  post-pliocene 
Mastodons,  Macrauehenias,  and  Toxodons,  those  giant  arma- 
dillos and  sloths,  could  well  compete  with  the  Elephants, 
Rhinoceroses,  and  Hippopotami  which  at  the  same  time 
lived  in  Euroiie," 

Liais  shows  that  the  Eio  de  Sao  ^Francisco  is,  so  far  as 
length  is  concerned,  to  be  counted  as  belonging  to  tlie  six- 
teenth *  class  among  the  rivers  of  the  world,  since  its  length 
is  about  2,900  kilometres,  or  a  little  more  tlian  1,802  miles, 
and  he  tells  us  tliat  in  Europe  there  is  only  one  longer 
river,  namely,  the  Volga.  In  America  it  is  surpassed  by 
only  the  Amazonas,  the  Mississippi,  the  combined  Paranfi, 
and  La  Plata,  tlie  St.  Lawrence,  and  the  McKenzie,  while 
in  South  America  it  occupies  the  third  rank.  The  Sao 
Francisco  takes  its  source  in  tlie  highlands  between  lat.  20° 
and  21°  S.,  and  flows  almost  due  north  to  its  confluence  with 
the  Rio  das  Velha^,  m  lat.  17°  11'  64"  S.,  and  long.  1°  43' 
35"  west  of  Eio.  It  receives  two  considerable  affluents 
on  the  right  bank  before  reaching  tlie  Rio  das  Velhas,  — 
the  Far^,  which  unites  with  it  in  about  lat.  19°  10'  S., 
*  Burton  says  seventeenth  or  eighteentli. 
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aiid  tho  Paraopeba,  a  much  lai'gcr  stroam,  wliicli  enters  in 
about  18°  49'  S.  Botli  of  tbese  sti'eams  rise  in  tlie  same 
biglilands  with  the  SSo  Francisco,  and  flow  nortliward, 
incHuing  toward  tlie  west,  entering  the  main  sti'eam  very 
obliquely.  The  Hio  das  Velhas  is  the  main  brancli  of  tlie 
S5o  Francisco.  It  takes  its  source  in  the  Serra  da  Mae 
dos  Homens,  near  Ouro  Preto,  and  runs  almost  parallel  to 
the  Sfto  Francisco,  from  which  it  is  separated  by  a  little 
chain  of  limestone  liills  called  the  Serra  do  Espirito 
Santo.  Between  Sabai'd  and  its  mouth  tlie  river  has  to 
descend  neai'ly  263  metres,  but  it  makes  so  many  tm-ns 
that  t)io  descent  per  meti-e  is  very  much  lessened,  not  only 
tlirougli  the  increased  distance,  but  through  the  friction  of 
the  river  against  ita  banks,  Liais  malies  the  descent  of  the 
river  0.394°'  per  kilometre,  while  the  velocity  of  the  cun-ent 
varies  from  O-SO"  to  1".  Tlie  river  is  some  80"  in  mdtli, 
and,  were  a  few  obstacles  removed,  it  would  be  navigable  by 
steam  from  its  mouth  to  Sabai'd,  120  leagues.  To  remove 
these  obstacles  in  the  way  of  navigation,  Liais  calculated  that 
an  expenditure  of  ^  260,000  would  be  required.  Burton 
tliinks  that  it  could  be  done  for  £  55,000.  The  Rio  das 
Velhas  flows  in  a  narrow  valley,  cut  through  tlie  limestone, 
and  bordered  by  bluffs  like  an  lowan  stream ;  and  Liais's 
map  shows  it  doubling  sharply  about  narrow  ridges,  some- 
times isolated,  at  otlier  times  having  the  chai-acter  of  spurs 
to  tlie  main  line  of  bluffs.  Here  and  tliere  older  rocks  form 
high  ridges  and  peaks,  but  these  are  rare.  Among  these 
is  the  Serra  da  Piedade,  eastward  of  Sabard,  —  a  mass  com- 
posed principally  of  iron  ore.  It  is  1,774  meti-es  in  height.* 
(Buril.) 

*  Por  a  graphic  acconnt  of  a  visit  to  tlie  Pierlade,  ece  rieiT  Eng.  Warming's 
En  Udjlu'jl  til  Bi-asUiens  Bjerge,  Liitken's  Tidsshijl,  &c,  1"  Binii,  1""  Hefte- 
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The  low  lands  bordering  the  Rio  daa  Vellias  are  alluyial, 
rich,  healthy,  and  suitable  for  cultivation  with  the  plough. 
The  couiiti-y  back  from  the  river  is  wavy  campos  land,  fit 
only  for  grazing. 

On  the  main  Sao  Francisco  also,  and  its  affluents,  there 
is  much  Yaluable  land.  The  two  rivers  are  quite  well 
settled,  and  from  one  end  to  tlie  other  there  is  seen  a  suc- 
cession of  fazendas,  hamlets,  and  not  a  few  considerable 
towns. 

Liais  has  drawn  a  beautiful  picture  of  the  scenery  of  the 
campos  and  of  tlie  Eio  das  Velhas,  and  rather  than  spoil  it 
by  a  translation,  I  beg  tlie  reader  to  allow  me  to  give  it  in 
his  own  words :  *  — 

"  La  presence  d'un  ^paia  tapis  de  gi'amin^es  sur  tonte  la 
surface  du  sol  donne,  au  premier  abord,  I'id^e  d'une  grande 
uniformity  d'aspect.  Cependant  il  n'en  est  pas  ainsi,  et  les 
paysages  des  Campos  sont  des  plus  varies.  Des  bouquets 
d'arhres  dans  lesquels  les  fenillages  les  plus  divers  s'allient 
aux  fleurs  de  toutes  eouleurs  port^es  par  les  guirlandes  des 
liaiies  ou  par  de  superbes  orchidfies  on  bromShac^es  para- 
sites, rompent  la  monotonie  du  t^pis  de  \eiduie,  et  1  on  se 
croirait  dans  un  paic  idmiiablement  cultiv^  D  autics  lois, 
sui  le  l)oid  de  petits  ruisi,eiu\  cioissent  des  grouper  de 
t,igantesques  Mauntia  imifeia,  pahnipra  pr^cjeu\  de  ces 
legions  Leui  tionc  ele^i',  suimont^  d  un  magnifique  para 
faol  form^  par  dp  wastes  feuilles  en  ^^entail  pioduit  un  effet 
deb  plus  pittoieaques,  loisque  surtout  une  immense  piaine 
est  paraem^e  9^  et  Iv  de  ces  v^ai^taux  graoieux  D  auties 
fois  tt  I.C  fxit  sobsene  surtout  dans  les  i4a;ions  le^  plus 
baches,  des  iibustes  tortueux  couviput  tout  le  teirnm  ct 
dans  ces  parties  des  Campos  se  font  remarquer  les  belles 

*  BnlL  ds  la  Sot.  Ceog..  5  Sci'ie,  XI.  pp.  396,  397. 
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fleurs  des  Car'iocar,  des  Coclilospermum,  des  Vochysia. 
Eniin,  souveiit,  au  milieu  d'uiie  vaste  plaiiie,  on  voit  sxirgir 
une  de  ces  curieuses  chaines  de  montagnes  de  gr^s  rouge- 
^tre  ou  Terdatre,  &.  sommet  coup^  en  table,  et  si  abondantea 
dans  tout  le  Br^sil,  oii  M.  de  Castelnau  les  a  dfijsl  eigiial^es, 
Les  flaiics  arides  de  cea  collines,  parfaitement  alignSes  et 
qui  36  prolongent  sur  plusjeurs  lieuea  de  longueur  eii  gar- 
dant  le  meme  niveau  et  prSsentant  I'aspect  d'un  toit,  sont 
converts  par  des  Melocactus  et  par  de  magnifiqnes  Kiel- 
meycra,  dont  les  grandes  fieurs  roses  rappellent  celles  des 
cam^lias.  Lorsqu'on  monte  but  cea  collines,  qui  pai'foia 
atteignent  jnsqn'i  500  metres  au  dessus  du  niveau  de  la 
region  envii'oiinante,  un  admirable  panorama  se  d^roule 
sous  les  yeux  du  spectateur,  Je  me  rappelle  en  particnlier 
un  magnifique  tableau  de  ce  genre  que  j'ai  aper^u  eji  gravis- 
sanfc  les  flancs  de  la  seri'a  de  Curumataliy.  Le  regard  em- 
brassait  toute  la  largeur  de  la  valine  du  !Rio  das  Yellias. 
Son  fond  offrait  I'apparence  d'une  immense  plaine,  d'ofi  on 
voyait  aortir  comme  des  flots  lea  seri'as  du  Parauna,  de 
Buenos-Ayres,  da  Gar^a  et  du  Bicudo.  La  riviSre,  aecom- 
pagn^e  sur  ses  deux  rives  d'ian  cordon  de  grands  arbres, 
deasinait  son  cour  au  fond  de  la  valine  par  ime  ligno 
d'une  verdme  fraiclie  qui  tranclijut  sur  la  teinte  ronge^tre 
des  gramiii^es  dess^ch^es  et  ^claxr^es  par  les  feux  du  soleil 
couchaut.  De  belles  teintes  violettes  couvraicnt  les  flaiies 
des  montagnes  rapprocli^es,  et  dans  le  lointaiii,  h  une 
^norme  distance,  une  cliaine  de  montagnes  bleu  pale  se 
montrait  k  I'horizon.  C'^tait  la  serra  da  Mata  da  Oorda 
avec  ses  dSmes  dioritiques,  qui  limite  3,  Toiicat  le  bassin  du 
San-Fran  Cisco."  * 

*  A  similar  panorama  is  to  be  seen  from  the  edge  of  the  chapadns  bordering 
the  Calhao-Arassu  ally  valley. 
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The  Upper  Rio  de  SSo  Franciaco  flows  with  a  moro  direct 
course,  and  its  current  is  consequently  more  swift  tliaii  tliat 
of  tlie  Rio  das  VeUias.  It  is  also  much  impeded  by  rapids 
and  falls.*  Notwithstanding  tliat  its  general  level  is  higher 
tlisin  tliat  of  the  Rio  das  Velhas,  its  banks  are  very  un- 
healthy, and  terrible  fevers,  called  carnadeiras,  from  time 
to  time  drive  away  tlie  population  from  tlie  vicinitj,  so 
that  Nature  has  made  the  Rio  das  Velhas  more  fit  to 
sustain  a  population  aiid  be  a  water  highway  than  the 
Upper  Sao  Francisco.  From  the  mouth  of  the  Rio  das 
Velhas  tlie  SSo  Francisco  would  be  navigable  for  steam- 
boats, with  some  interruptions  on  account  of  obstractions 
which  might  be  removed,  as  far  down  as  the  ViUa  da  B3a 
Vista,  a  distance  of  about  264  leagues.  From  that  point  to 
the  Porto  das  Piranha,  a  little  over  70  leagues,  the  river 
is  not  navigable.  From  the  Porto  to  tlie  sea  steamers  al- 
ready ply.  To  remove  the  obstmctions  from  the  main  river, 
and  make  it  navigable  for  steamers,  Mr.  Halfeld  estimates 
the  pi-obable  cost  at  about  X  108,900,  A  canal  has  been 
proposed  to  unite  B8a  Vista  and  Porto  das  Piranhas !  This 
is  certainly  not  advisable  when  a  railway  could  be  con- 
stmctcd  at  vastly  less  cost.  Burton  estimates  that  an  ex- 
penditure of  £  203,000  would  be  sufficient  to  open  tlie 
Rio  das  Velhas  and  SSo  Francisco,  and  buUd  a  railway 
around  the  obstructions  of  the  Paulo  Alfonso  to  the  Porto 
das  Piranlias. 

The  opening  of  steam  navigation  in  1867  below  Porto 
das  Piranlias  has  given  a,n  immense  impetus  to  the  trade  of 
the  whole  country  adjacent  to  the  Lower  SSo  Francisco,  and 
Burton  says  tliat  its  effects  are  visible  even  in  tlie  neighbor- 

•  The  worst  of  these  is  a  series  of  rapids  and  falls  called  the  Pirapora,  which 
forms  an  obstacle  that  it  would  cost  enormoitslj'  to  remove. 
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ing  provinces  of  Piauhy  and  Ceard..  But  what  a  future  is 
in  store  for  the  great  S5)o  Franciscan  valley  when  it  shall 
receive  tlie  gift  of  a  steamboat  and  shall  hear  the  scream  of 
the  locomotive  !  When  any  one  stops  to  consider  how  much 
Nature  has  done  towards  furnishing  Brazil  with  a  great  in- 
terior wat«r  highway,  it  seems  wonderful  that  it  should  not 
long  since  have  been  improved.* 

The  railways  of  the  province  of  Rio  have  already  been 
described  in  the  "  Journey  in  Brazil."  Grovemment  is 
pushing  the  Dom  Pedro  II.  line  nortliward  into  Minas,  witli 
the  view  of  continuing  it  over  tlie  Mantiqueira  and  across 
the  highlands  into  the  valley  of  tlie  das  Velhas.  A  ti-am- 
road  has  been  commenced  from  Cachoeira,  on  the  bay  of 
Bahia,  to  Urubti,  on  the  great  river,  and  there  is  hope  for 
the  SSo  Francisco,  even  if  the  Pernarabuco  and  Sao  Fran- 
cisco and  the  Baliia  and  SSo  Francisco  railways  fail,  as  they 
probably  will,  in  reaching  the  river. 

*  The  difficulty  seems  to  be  not  Paulo  Offonso,  nor  Sobradinho,  nor  Pira- 
pora,  bat  pditics,  and  the  jealousies  of  those  who  have  had  anything  to  do  with 
the  matter.  A  steamer  some  time  ago  was  built  in  sections,  and  started  on 
its  overland  journey  to  the  Sao  Francisco ;  but  I  cannot  lennl  that  it  has  yet 
reached  its  destination.  Burton  says  that  a  M.  Dumont  brought  to  Bio  from 
Bordeaux  two  small  steamers,  which  were  to  be  transported  in  sections  to  the 
Bio  das  Velhas,  and  commence  cunning  in  1869,  so  that  it  is  ptobahle  that 
steam  navigation  has  been  by  this  time  opened  on  that  river.  I  have  tried  in 
yfun  through  ray  Brazilian  correspondence  to  inform  myself  on  this  as  well  as 
other  matters  veladng  to  Braiil,  hut  it  seems  wellnigh  as  difficult  to  heep  one's 
self  posted  in  the  progress  of  affairs  in  the  iiiteiior  of  Brazil  as  it  is  to  obtain 
news  from  the  heart  of  China. 
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CHAPTER  VII. 

THE  PROVIMCE   Of   BAHIA,  —  INIEBIOE. 

JoarneyB  of  Spis  nnd  Maitina,  Nicolay  and  Lacerda,  Allen,  and  other  Explor- 
ers. —  Geological  and  Physical  T'eataves  of  Countrj  between  Malliada  and 
Caohoeira,  described  by  Voa  Martius.  —  Sandstones.  —  Remains  of  Masto- 
dons found  near  Villa  do  Hio  de  Contos.  —  Immense  Copper  Boulder  from 
Caelioeira.  —  Eev.  Mr.  Nicolay'a  Export  of  Journey  from  Cachoeii'a  to  the 
Chapada  DiamanlJna.  —  Ocenirence  of  Biamonds  in  Sandstones.  —  Lime- 
stones.—  Stfirile  Plaing,  —  Diamniidferous  Sands  of  the  Chapada,  —  The 
Diamond  Mines  of  Sincord  and  Lenefiea.  —  Annual  Tiekl  of  the  Provinces 
in  Diamonds.  —  Mr.  Allen's  Report  of  a  Journey  from  Chiquc-Chique,  via 
Jacobin  1,  to  Caehodra.  —  Country  between  Chique-Chique  and  Jacobina  an 
immense  Limestone  Plain.  —  The  Chapada  at  Jacobina  a  detached  flat- 
lopped  Mais  of  Sandstone.  —  Gndsa  Hills.  —  "  Lafee  Pliiin,"  east  of  Jaco- 
bina —  Knoba  — Potlioles,  probably  of  Glacial  Origin,  —  Eastern  Sandstone 
Plam  — Climate,  Vegetation,  &c.  of  Route.  —  DiiFerence  In  Topography 
between  Gneiss  Regions  of  Bahia  and  the  Maeiiry  descriljod  and  accounted 
for  — Former  greatei  Extension  of  Forests.  —  Von  Martius's  Description 
of  the  Coontry  lietneen  CflLhoeiia  and  Joaaeivo.  — Country  near  Peim  da 
Coneei9ao  — Sorra  do  Rjo  Peixe.  —  Rio  Itapicunl.  —  Want. of  Rain  at 
Queimados  — Seira  de  Tiuba  — Tanques  and  Fossil  Bones  near  Coche 
d'Agna  Bamga  MoUe,  and  Neighborhood.  —  Monte  Santo.  —  The  Greet 
Meteorolite  of  BemrtCgo  —  Hock  Inscriptiona.  —  Villa  Nova  da  Rainha.  — 
Joazeno  to  be  the  Terrainns  of  BaMo,  and  Sao  Franciaco  llailroad.  —  Rio  de 
Salitre  —  Salt  Licis.  —  Mr.  Allen's  Note  on  the  Salt  of  the  Sffo  Fi-aneisco 
Valley  —  Saltpetre,  —  Gco]<^  of  Conntry  between  Caninhnnha  and  TJrn- 
bu  — Change  in  Geological  Slrnctnre,  Climate,  Vegetation,  &e,,  below 
UmbiS. 

The  interior  of  tlie  province  of  Baliia,  notwitlistaiiding 
its  rich  diamond-mines,  is  almost  a  terra  incognita  to  the 
geologist  and  geographer.     It  foi"ms,  however,  so  iroportaixt 
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a  pai-t  of  the  empire,  that  I  have  deemeil  it  worth  while  to 
coliect  the  most  important  facts  that  bear  on  its  geology 
and  physical  geography,  and  with  these  before  u3, 1  tliink 
tliat  we  shall  be  able  to  come  to  aome  ti'ustworthy  conclu- 
sion a^  to  its  general  atructiire.  Though  Spix  and  Martina 
explored  the  province  while  geology  was  yet  in  its  infancy, 
they  made  many  interesting  observations.  The  Bev.  Mr. 
Nicolay,  a  few  yearn  ago,  visited  the  diamond  disti'ict  in 
company  with  Dr.  de  Lacerda,  and  he  has  kindly  furnished 
me  with  some  notes  on  tlie  route  he  followed,  Mr.  J.  A. 
Allen,  ornithologist  on  the  Thayer  Expedition,  ci-ossed  the 
province  from  Chique  Chique,  on  tlie  SSo  Fraaicisco,  to  Ca^ 
ehoeira,  and  I  am  indebted  to  him  for  a  very  interesting 
sketch  of  tlie  country  he  ti-aversed.  That  part  of  the  Sao 
Francisco  valley  comprised  in  the  pi'ovince  lias  been  ex- 
amined by  Von  Martins,  St.  John,  and  others,  and  finally 
by  Burton,  so  that  we  know  its  general  geological  features. 
Those  observers  furnish  us  'wifli  three  complete  sections 
across  the  country  between  the-  Sao  Francisco  and  tlie  sea, 
and  Mr.  Nicolay  gives  anotlier  incomplete  one.  In  esamhi- 
iiig  tliis  material,  we  shall  take  up  these  sections  in  tlieir 
order,  gohig  from  north  to  soutli,  and  we  will  first  follow 
Von  Martius  in  his  journey  from  Malhada  to  the  coast. 

Tliis  little  town  is  situated  ou  tlie  Rio  SSo  Francisco,  op- 
posite the  mouth  of  the  Rio  Cai'mihanha,  in  the  province  of 
BaJiia,  at  the  exti'eme  northern  angle  of  Minas  Geraes.  Yon 
Mai-tius  says  that  tlie  vicinity  "  is  composed  of  limestone, 
which  tlie  burning  of  the  woods  not  infrequently  changes 
on  tlie  surface  into  a  white  chalk-like  cmst.  This  rock 
formation  we  left,  on  tiie  tliird  day's  ride,  between  the 
fazendas  Curralinho  and  P^  da  Herra,  where  we  observed 
granite,  and  on  it  here  and  tlicre  layers  of  a  porous  iron 
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sandstone,  in  part  weathered  to  iron  ochre."  He  describes 
tiiiB  whole  region  as  being  covered  by  a  caU'figa  growth 
with  Cerei  aud  OnidoscoU,  &c.  The  water  is  had  and  shmj. 
The  population  is  priucipally  engaged  in  raising  cattle  and 
horsea.  Leavuig  this  part  of  the  country,  high  banks  of 
red  gi-anite,  some  bare,  others  covered  thickly  witli  cacti, 
were  met  with.  Near  tlie  Serra  dos  Moiites  are  rounded 
hills  and  mountains,  composed  of  diorite,  and  destitute 
both  of  soil  and  vegetation.  The  rock  forming  the  Serra 
dos  Montes  Altos  is  gneiss  and  gi-anite.  Tlie  soil  is  in 
many  places  highly  impregnated  with  saltpetre,  but  this 
salt  is  extracted  to  no  important  extent.  In  the  Serra  de 
Oaytel^  quartzose  sliale  or  quartz  rock,  hke  that  found  so 
extensively  thi-ough  Muias,  abounds.  It  is  flesh-red  in 
color,  ahnost  horizontal,  and  frequently  traversed  by  heavy 
veins  of  white  quartz.  East  of  Caytelfi  is  a  level  high  land 
of  tlria  same  quartz  rock.  On  leaving  this,  one  descends 
to  reach  a  hilly  country  composed  of  gneiss,  covered  witli 
catinga  forests. 

The  mountains  in  the  vicinity  of  the  fazenda  of  Joaaeiro 
are  of  granite  and  gneiss  granite.  The  road  tlience  to  the 
Villa  do  Eio  de  Contas  "  rises  gradually,  and  leads  finally 
uito  a  valley  shut  in  on  both  sides  by  high  mountains.  The 
Serra  da  Villa  Velha  rises  at  least  1,200  feet  above  the  villa. 
The  base  of  the  mountain  is  composed  of  mica  slate,  on 
which  rests  red  quartzites  (^Quarzsckiefer'),  and  over  these 
white  rocks  of  the  same  kind."  The  strike,  accordhig  to  our 
autlior,  is  from  N.  N.  W.  to  S.  S.  0.,  witli  a  westerly  dip, 
which  is  higher  in  the  upper  beds  tlian  in  the  lower.  The 
foot  of  the  momitain  Is  covered  with  light  vegetation,  which 
resembles  the  flora  of  Serro  Frio ;  on  the  top  it  resembles 
that  of  Tejuco.     Quartz  rock,  thinly  laminated   and  elas- 
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tic,  was  obaeiTed.  Gold  occurs  in  veins  in  tlie  rock,  and 
also  ill  tlie  sands  and  gravels  of  the  Bmmado  and  otlier 
streams,  where  it  is  found  in  grains  and  nuggets.  Spis 
and  Martius  speak  of  oiie  nugget  having  been  found  weigh- 
ing eight  pounds.  Two  leagues  north  of  the  villa  are 
of3ier  gold  deposits.  Tlie  great  sandstone  formation  is 
rightly  described  as  extending  northeastward  under  the 
names  Moito  das  Almas,  SeiTa  de  CatuU,  Serra  da  Cha- 
pada,  &c.,  to  Jacobina. 

Spix  and  Martins  describe  the  top  of  the  Morro  Redondo 
as  flat,  and  speak  of  the  occun-ence  tliere  of  a  hard,  white 
sand  rock,  on  which  were  drawings  in  red  paint,  supposed 
to  have  been  made  by  the  Indians.  Tliis  rock  rests  upon 
granite,  wliicli  in  some  places  contains  augite.  North  of 
Hiis  is  the  Serra  de  Tluba,  and  between  it  and  tlie  SSo 
Francisco  they  found  green  pistacite  in  the  granite. 

Over  the  quartz  rock  lies  a  red  sandstone,  concerning 
whicli  Von  Martixis  shall  speak  in  his  own  words :  — 

"  Tlie  third  formation,  which  we  met  here,  is  that  of  the 
80-called  red  ToMiegmde,  or  older  sandstone.  It  occupies 
the  highest  point  of  tlie  mountain,  as  even  at  Eramadinho, 
and  shows,  without  distinct  stratification,  here  and  there  a 
thickness  of  several  hundred  feet.  Tliis  rock  is  here  com- 
posed of  grayish  white  quartz  grains,  in  which  pieces  of  red- 
dish quartz  sandstone  and  of  red  Grauwacke  slate  are  im- 
bedded, and  it  is  not  infrequently  intermixed  witli  much 
silver  wliite  mica.  To  tins  formation  or  to  one  of  the  over- 
lying clays  belong  probably  certain  nodides  of  clay  iron- 
stone which  are  hollow  inside,  and  contain  a  very  fine  red 
powder,  which,  according  to  the  results  of  an  examination 
made  by  my  honored  colleague,  Hofr.  Vogel,  is  composed  of 
iron  oxide,  argillaceoiis  and  sihceous  earth,  with  some  lime 
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and  magnesia,  and  is  used  by  the  inliabitants  aa  a  tonic. 
The  higliest  mountain  of  this  district,  tlie  Serra  de  Itaubira, 
probably  presents  the  same  formation  of  the  red  Todtlie- 
gende  on  its  conical  head.  We  saw  it  northwestward  from 
the  Morro  Redondo,  rising  high  into  the  blue  ether,  and  are 
of  tlie  opinion  that  it  is  at  least  5,000  feet  high." 

From  the  vicinity  of  the  river  Sant'  Antonio  a  beautiful 
variety  of  alabaster  is  obtained,  and,  according  to  Spix 
and  Martins,  it  occurs  in  large  quantity.  It  is  sent  to  Bahia 
to  be  made  into  images  and  ornaments.  Dr.  Lacerda  kindly 
presented  me  witli  a  fine  specimen  of  this  mineral. 

Bones  and  teeth  of  the  Mastodon*  occur  apparently  in 
plenty  in  the  vicinity  of  the  Rio  de  Sant'  Antonio,  near  tlie 
Villa  do  Rio  de  Contas,  and  near  the  old  fazenda  de  Bom 
Jesus  de  Meira,  eight  leagues  from  the  Villa,  buried  in  the 
soil. 

Between  the  Villa  and  the  Rio  dc  Contas  arc  quartzites, 
where  mica  slates  passing  into  granulite  make  their  appear- 
ance lying  in  granite.  The  granulite  "  holds  here  and  there 
masses  (^Knauern)  of  a  very  hard  coarsegrained  cellular 
gray  quartz.  On  tliis  formation  we  observed  layers  of  a 
light  green,  somewhat  porous,  very  compact  sandstone, 
which  appears  exactly  like  that  which  in  Germany  is  here 
and  there  interstratified  with  tlie  Quadersandstdn.  Parched 
woods,  leafless  in  the  dry  season,  stretch  out  in  immeasur- 
able extension  over  the  hilly  or  even  mountainous  land; 
large  tracts  are  covered  with  bushes  of  the  Arirf  palm, 
( Cocos  schizophylla  Mart.),  ....  and  here  and  there  a 
lighter  clump  of  the  Aricuri  palm  (_Oocos  coronata  Mart.)." 

The  base  of  the  Serra  das  Lages  is  composed  of  clay  and 
mica  slates,  chiefly  greenish-gray  in  color,  some  approach- 
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ing  chlorite  slate,  and  containing  octahedral  crystals  of  iron. 
Higher  up  quartzites  appear,  and  on  the  top  the  vegetation 
resembles  that  of  Minas.  Near  the  fazenda  of  Lages,  on 
the  top,  are  heavy  deposits  of  iron  ore,  in  the  form  of  mag- 
netic iron,  specular  iron,  and  brown  U'on-stone ;  "  the  last 
furnishes  not  infrequently  considerable  quantities  of  stil- 
posederite  (phosphate  of  iron)."  The  prevailing  strike  of 
the  quartz  rock  ia  from  north  to  soutli  vn  Siunde  22,  23, 
and  24,  the  dip  of  the  strata  at  high  angles  from  40" -60" 
towards  the  east. 

In  tlve  Serra  de  Sineori  tlie  quartz  rocks  (^Quarz- 
schiefer)  have  a  strike  of  N.  S.  im  Sltmde  22,  23,  and  24, 
and  dip  witli  high  angles  toward  tlie  east.  It  forms  the 
division  between  the  high  and  low  lands  of  the  province  of 
Bahia ;  east  of  it  obtains  a  changeable  wet  climate,  while 
to  the  west  there  is  a  dry  climate. 

Leaving  the  Serra  of  Sincord  one  meets  with  granite, 
hornblende,  and  clay  slates  and  diorite.  These  are  over- 
laid with  layers  of  clayey  sand  of  an  ochre-yellow  color, 
which  in  some  places  is  even  ten  feet  thick.  "  Near  Cara- 
bato  there  overlies  the  granite  an  older  sandstone  (  Graues 
Todtliegendes):,  which  is  composed  of  fine-grained  quartz, 
feldspar,  and  mica,  and  approaches  feldspar  porphyry.  In 
tliis  are  imbedded  rounded  masses  of  quartz," 

At  Olho  d'Agua  great  blocks  of  white  quartz  are  es- 
posed. 

"  Tlie  soil,  which  already  at  Olho  d'Agua  began  to  be 
hilly  and  mountainous,  continues  with  similar  irregularity, 
and  covered  with  cating'a,  until  iinally  in  the  vicinity  of  the 
Fazenda  do  Rio  Secco,  which  we  reached  at  the  end  of  the 
fiftli  day,  the  road  sank  gradually  between  some  high,  bare, 
granite  mountains,  where  the  traveller  reaches  a  jjlam,  which, 
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covered  merely  with  dried  shrubs  a  few  feet  high,  presents 

a  more  free  aspect At  Rio  Secco  there  rested  on  tlie 

granite,  which  when  bedded  showed  a  strike  of  W.^V-W,  - 
S.  S.  0.,  and  a  westerly  dip  (^Eimchiessen)  under  a  high 
angle,  a  fine-grained  hornblende  rock  and  iron-stone." 
Tlie  country  between  ViUa  da  Fedra  Branca  and  Cachoeira 
Spix  and  Martins  found  to  be  composed  of  gneiss  and  gran- 
ite, with  occasional  beds  of  hornblende  rock  and  mica 
slate. 

In  the  last  century  there  was  found  near  Cachoeira  a 
huge  mass  of  native  copper,  which  was  carried  to  Lisbon. 
Spix  and  Martins*  visited  the  locality  where  this  mass  was 
found,  and  could  discover  nothing  iliat  woidd  justify  them 
in  believing  that  the  copper  was  derived  from  the  rocks  of 
the  vicinity,  which  consist  of  gneiss.  They  afterwards  saw 
tlie  specimen  in  the  museum  at  Lisbon  and  examined  it. 
It  bears  the  following  inscription :  — 

"  Mai'ia  I  et  Petro  III  imperantibus,  cupnim  nativum 
minerse  ferri  mixtum  ponderis  libr.  MMDCX"V1  in  Bahicusi 
Pr^fectura  prope  oppidura  Cachoeira  detectum  et  in  Priii- 
cipis  Museo  P.  MDCCLXXXII."  According  to-  Vandelli, 
in  the  Memorias  da  Academia  Real  das  Sctenctas  de  Lisbda, 
Vol.  I.  p.  261,  the  outside  of  the  mass  is  of  a  hardened 
dark  yellow  color,  A  portion  of  the  surface  was  analyzed, 
and  gave  ninety-seven  per  cent  of  pure  copper,  with  no  trace 

*  According  to  Yon  Martins,  Ikise,  Band  II.  Seito  746,  copper  occurs  at 
tlie  ibllowing  places  in  Brazil :  — 

Bit)erBo  de  SSo  Domingoa,  near  Pe  do  Morro,  in  the  Comarca  do  Serra 
Frio,  Minas  Geraes,  wtere  it  is  fonnd  in  greenstone. 

Primeirm  Campos,  in  the  Serra  Corajii,  Province  da  Bnhia,  chloride  {Salts- 
sdiWFs)  and  snlphiiret,  occurring  in  granite. 

AriT'ial  do  Pinheiro,  Cattaa  Alias  da  Itaperava  and  Inficionado  in  Minas 
Geraes, 
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of  eitlier  gold  or  silver.  Vadelli  says  tliat  a  second  and 
smaller  piece  was  found  near  it.  Spix  and  Martins  appear 
to  have  considered  the  masa  as  a  meteorohte,  but  I  have 
seen  fragments  of  amygdaloidal  trap  from  the  vicinity  of 
Cachoeira,  and  I  am  inclined  to  consider  it  an  erratic,  de- 
rived from  this  trap. 

Mr.  Allen  gives  me  the  following  note ;  "  Tlio  country 
between  Malhada  and  the  coast,  in  all  its  leading  geological 
featnres,  as  given  by  Von  Martins,  bears  a  most  striking 
resemblance  to  tliat  traversed  by  myself  some  100  to  200 
miles  to  the  north  of  this  line.  Some  minor  features,  as 
the  occurrence  here  and  tliere  of  clays  and  slates,  etc.,  I 
noticed  at  only  one  or  two  points,  and  only  as  insignificant 


"  At  Chique  Chique  I  observed  very  small  patches  of 
magnetic  iron  ore,  at  times  apparently  in  place  and  resting 
on  the  Irmstones,  but  commonly  occm'riug  as  detached 
patches  and  irregular  fragments  of  large  size.  It  is  un- 
doubtedly similar  to  that  spoken  of  by  Bnrton  as  occurring 
in  large  quantities  a  little  below  Chique  Chique." 

Mr.  Nicolay  says  that  the  comitry  rises  toward  tlie  Chapa- 
da  Diamautiua  by  a  series  of  terraces,  and  he  estimates  the 
height  of  the  chapada  at  3,000  feet  above  the  sea,  which 
would  couicide  with  Mr.  Allen's  estimate  of  tlie  height  of 
tlie  chapada  at  Jacobina,  and  of  my  own  estimate  of  the 
height  of  the  chapada  at  Minas  Novas.  At  the  "  chapa- 
da," says  Mr,  Nicolay,  there  are  "  shales,  sandstones,  and 
conglomerates.  The  sandstones  vary  much  in  quality,  both 
as  to  composition  and  hardness,  but  are  all  evidently  tlie 
direct  products  of  primitive  rocks.  Upon  these  sandstones 
there  is  ("or  was)  a  stratum  of  qiia.rtzite,  in  many  pla.ces 
still  very  distinct,  in  which  are  found  crystals  of  magnetic 
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and  other  pyrites,  and  among  the  sands  created  by  the 
disintegration  of  this  rook,  as  marked  by  these  crystals, 
diamonds  are  usually  found. 

"  The  superposition  of  the  harder  upon  the  softer  strata 
is  the  caiise  of  the  presence  of  those  caverns  called  gruna, 
■which  frequently  perforate  the  hills,  and  in  wliieh  many 
diamonds  are  found.  They  are  all  formed  by  the  pei-eola- 
tion  of  water  through  the  rock,  and  the  disintegration  of 
the  softer  strata ;  but  in  the  larger  number  of  cases  not  a 
cavern  but  a  ruin  is  formed,  and  tlie  surface  presents  a  wild 
confusion  of  enormous  blocks  or  slabs  of  conglomerate  sixty 
to  seventy  feet  square,  and  from  ten  to  fifteen  feet  thick,  for 
the  larger  examples.  As  yet  I  am  not  aware  that  any 
fossils  have  been  found  in  this  district.  The  chapada  forms 
the  eastern  limit  of  tlie  barrier  of  the  great  river  SS.0  Fran- 
cisco, and  I  can  trace  it  from  the  sources  of  the  Paraguassii 
into  Goyaz. 

"  Tlie  chapada  is  separated  from  the  next  division  by  the 
valley  of  the  river  SSo  Jos^  on  tlie  south,  a  tributary  on  the 
left  bank  of  the  Paraguassii.  The  next  range,  which  may 
be  called  the  limestone  range,  that  rock  beuig  developed  in 
magnificent  cliffs,  especially  on  the  eastern  side,  and  pre- 
senting numerous  cavenis,  is  distant  about  twelve  miles. 

"  I  am  not  aware  that  this  limestone  has  been  more  than 
casually  examined  by  Viviaii  near  Joazeiro,  by  myself  at 
Mocambo,  and  by  Cato  at  ELo  Una,  an  affluent  of  the 
Paraguassti,  right  banlt,  nor  have  I  heard  tliat  any  fossils 
have  been  found  in  it.    It  is  very  distinctly  bedded.*    Im- 

*  Mr,  Allen,  who  has  cai^efully  read  Mr.  Nicolay's  report,  says  :  — 

:s  mentioned  by  Nicolay  greatly  pnzzle  me.  They  seem  to 
is  of  the  Paraguassii,  and  henee  must  be  east  of  tiie  cbapada. 
eatojiBS  muse  occur  on  both  eides  of  the  dirida  wliich  eep- 
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mediately  to  tho  east  of  tliis  occurs  a  belt  of  violent  dislo- 
cation, say  twelve  leaguea  in  breadth,  or  more,  presenting 
irregular  liills  of  primitive  rock  [gneiss,  c.  f.  h.]  with 
valleys  between  tlaem,  not  having  usually  any  outlet*  and 
for  the  most  part  covered  with  a  forest  of  ancient  growth. 

"  Here  the  road  is  strewed  with  lai'ge  qiiartz  pebbles, 
and  boulders  of  all  sizes,  qualitiea,  and  colors.  The  brejos, 
or  hollows  between  the  hiUs,  are  sometimes  lakes,  more 
often  swamps,  and  some  occasionally  are  quite  dry.  This 
is  tlie  Serra  do  Mocambo,  Serra  da  CalderSo  da  Onca,  and 
Serra  da  Saude,  and  is  marked  on  the  south  of  tho  river 
Paraguassfi  by  the  Mato  dos  Macacos. 

"  To  these  liiEs  succeeds  a  zone  of  taboJeiros  or  a  taboleiro 
or  table  land,  where  gneissose  rocks  are  often  exposed  on  tlie 
surface,  which  is  nearly  level,  but  varied  by  occasional  small 
lakes  or  ponds,  and  riachos  or  watercourses,  having  no  final 
issues  for  their  waters,  and  often  dry  during  a  part  of  the 
year.  This  is  crossed  by  tlie  deep  cut,  formed  by  the  Rio 
Paraguassfl,  which,  like  other  rivers  to  the  north,  presents, 
to  the  extent  of  its  e?ic!ienle,  or  overflow,  sometimes  a  mile 
in  width,  a  belt  of  verdure;  all  the  rest  is  arid,  a  region  of 
cacti  and  prickly  and  aromatic  plants. 

"  Upon  this  surface,  however,  at  long  intervals,  appear  iso- 
lated masses  of  primitive  rock  at  Bahii,  about  150  feet  high 
[above  the  plain],  and  a  range  of  similar  rocks  or  hills, 
known  as  the  Serra  das  Pedras  Brancas,  from  which  some 
outliers,  singularly  rounded  on  tlie  surface,  are  presented 
at  Pedra  Redonda.     This  crosses  the  Taboleiro  at  about 


urates  tho  valley  of  tire  SSo  I'raneisco  from  the  sea.    If  so,  it  is  a  patch  be- 
longing Tindoubtcilly  to  the  limestones  developed  so  extensively  in  the  Sao 
Fi'andseo  valley.    In  his  gneiss  taboleiro  I  recognize  my  '  lake  plain.'     (See 
report  of  my  journey.)'' 
*  This  is  one  of  the  features  of  a  glaciated  snrfaeo,  —  C.  F.  H. 
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four  leagues  from  its  eastern  extremity,  but  without  entirely 
breaking  its  continuity.  Beyond  this  the  Serra  da  Boque- 
rao,  also  of  primitive  rock,  for  tlie  moat  part  bare,  and  im- 
mediately to  the  east  the  Serra  Mangabeira,  where  I  ex- 
pect on  further  examination  to  find  sandstone ;  beyond  this 
is  undulating  wooded  ground  for  six  leagues,  to  another 
taboleiro  of  the  same  geological  character  as  the  other,  but 
presenting  a  superior  vegetation,  and  which  is  again  bounded 
to  the  east  by  a  chain  of  nearly  continuous  elevations,  which 
forma  the  main  buttress  of  the  system,  the  west  limit  of  the 
Lagoa  do  Rio  Paragnassu,  and  to  the  east  of  which,  only  so 
fai'  as  I  knoio,  excepting  at  the  cliapada,  sandstones  are 
developed." 

"Throughout  the  entire  distiict  the  bottom  rocks  ai-e 
gneiasose,  varying  occasionally  to  porphyry  and  granite  on 
the  one  hand,  and  hornblende  and  quartz  rock  on  the  other, 
occasionally  presenting  micaschiat." 

Mr.  Nicolay  further  remarks  that  "  not  only  near  the 
limestone  ranges,  but  on  the  edge  of  the  great  taboleiro, 
saline  streams  are  found." 

From  Mr.  Nicolay's  report,  as  well  as  from  what  he  has 
stated  to  me  in  conversation,  there  can  be  no  doubt  that  the 
diamonds  of  tlie  interior  of  Bahia  occur  in  a  sandstone  bed, 
forming  part  of  the  great  sheet  which  once  overspread  the 
whole  country,  tying  in  with  the  sandstones  and  clays  of  the 
Jequitinhonha  basin ;  and  this  sandstone,  as  we  shall  see 
from  Mr.  Allen's  report,  is  found  also  at  Jacobina,  at  which 
place,  in  1755,  diamonds  were  first  discovered  in  the  prov- 
ince of  Bahia. 

I  saw  specimens  of  the  diaraantiferous  rock  from  the 
chapada  in  the  liands  of  Mr.  Nicolay.  It  was  not  itacolu- 
ndte,  but  it  seemed  to  me  to  bear  a  very  close  reaerablance 
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to  tlie  sandstone  bed  overlying  tlie  clays  in  the  Jcquitin- 
hoiiha  basin.  Ifc  also  bore  a  remai'kable  resemblance  to  the 
tertiary  sandstones  on  tlie  Bahia  Railroad  near  Pitaiiga, 
where  diamonds  also  occur.  The  diamantiferous  sands  I 
saw  in  the  possession  of  Dr.  de  Lacerda  at  Bahia  appeared 
to  have  resulted  from  the  disintegration  of  the  chapada 
sandstones,* 

It  is  much  to  be  regretted  that  tlie  diamond  mines  of  the 
Chapada  Diamantina  have  never  been  critically  examined, 
for  I  feel  convinced  that  from  their  study  tlie  mystery  of  tlie 
origin  of  the  diamond  is  to  be  solved. 

The  metamorphic  basis  of  the  province  of  Bahia  presents 
a  long  and,  on  tlie  whole,  a  gentle  slope  towards  the  sea, 
and  a  8hoi*ter  and  equally  gentle  incline  towards  the  SSo 
Francisco  valley.  Along  the  highest  pai't  of  the  province 
there  runs  an  irregular  strip  of  sandstones,  occasionally 
sending  oiF  spurs  in  various  directions,  and  not  infrequently 
forming  isolated  patches.  These  sandstones,  lying  nearly 
if  not  quite  horizontally,  form  a  series  of  chapadas  or  table- 
hinds,  and  flat-topped  hills  of  greater  or  less  extent,  and 
with  an  elevation  of  about  3,000  feet.  On  the  eastern  side 
of  this  line  of  chapadas  is  the  diamond  district,  embracing 

*  SpecimenB  of  diamantiferous  sands  sent  from  Bahia  to  M.  Damonr  were 
found  to  contain  tJie  following  minerals  ;  liytiUne  quartz,  jasper  and  eiles, 
itaiDlumite,  disthene  or  cjaniW,  zircon  or  hyacinth,  feldspar,  red  garnet,  mag- 
ll«sian  garnet,  iniea,  tourmaline  (green  and  black),  hyalotourmaline  ifeij<io), 
talc,  waveliite  (cabocio),  yttric  phosphate,  litaniferons  yttric  phosphate,  diaspora, 
rutile,  broohite,  anataee,  hydraced  titanic  acid,  tantalice,  baierine  or  colum- 
biCe,  Litftniferons  fenic  oxide,  stannic  oxide,  raereuric  sulphide,  and  gold, 
(BuUain  de  la  Saddle  Ggdogigue  de  Paris,  2**  S^rie,  sSance  du  7  Ayri!,  1856, 
p,  5'12,)  Another  paper  on  the  diamanljferoua  sands  of  Bahia,  by  tlie  same 
author,  is  to  be  fonnd  in  the  Bulletin  de  la  Society  PkSlomathique,  5  Fevrier, 
1853.  I  have  been  able  to  consult  neither  of  thcae  papers,  and  I  quote 
tiirough  Burton. 
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the  head-watera  of  the  Paraguassii  and  Itapicurii,  forming 
an  ii-regular  area  nearly  150  miles  in  length  from  north 
to  south. 

The  Serra  or  Chapada  do  Sincord.  lies  many  leagues  to  the 
southeastward  of  tlte  Serra  da  Chapada  proper,  of  which  it 
is  a  spur  or  outlier,  and  it  appears  to  cross  the  Paraguassii 
with  a  northeast  ti-end,  but  the  maps  vary  to  so  great  a  de- 
gree that  I  can  form  no  satisfactory  conclusion  as  to  its 
extent.  The  only  description  I  can  find  of  tlie  sen-a  is  con- 
tained in  a  letter  from  the  geologist  Helmreichen.*  Ac- 
cording to  him  tlie  serra  "  bears  the  same  raw  aiid  un- 
hospitahle  character  to  the  eye  as  that  of  the  Grlto  Mogor ; 
extensive  campos  form  the  country  between  its  western  slope 
and  the  Serra  da  Chapada,  while  the  country  from  its  east^ 
ern  slope  toward  the  coast  is  covered  by  tliick  woods,"  He 
says  that  there  is  a  close  analogy  between  tliis  serra  and  the 
GrSo  Mogor  in  geological  stracture,  and  that  probably  it  is 
composed  of  itacolumite.  "  The  first  discovery  of  diamonds 
was  here  made  on  the  banks  of  the  Macuji^,  and  the  Com- 
mercio  (the  chief  place),  distant  ninety  miles  from  Bahia,  is 
on  the  Maeuj^  on  tlie  lands  belonging  to  the  Fazenda  de  SSo 
Joao.  Diamonds  were  found  in  the  seiTa  of  Sincord  over 
an  extent  of  twenty  leagues.  The  washings  on  the  west 
side  of  this  serra  have  up  to  the  present  turned  out  to  be 
poor.  Considerable  quantities  of  diamonds  were,  however, 
washed  from  tlie  Macuj^  itself,  and  from  the  points  where 
tlie  Paraguass6  and  Andaraliy  cut  through  the  serra.  On 
tlie  Andarahy  the  principal  washings  are  confined  to  the 
brooks  of  the  vicinity,  which  flow  into  it  on  its  right  banks. 

*  Quoted  by  Von  Tschudi,  Basen  durch  Slid  America,  Zweiter  Bund,  l&i" 
Soite.  Helmreichen  did  not  liimBelf  visit  the  Serra  do  Sinconi,  but  lio  obtained 
his  informatiOTi  from  a  triivtUur  in  wlioni  he  pnt  tonfidiinwi. 
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Here  there  are  many  snakes,  much  fever  and  ague,  and 
many  diamonds."  A  very  rich  deposit  has  been  discovered 
within  the  last  few  years  at  Sinuora,  and  the  city  has  grown 
to  a  very  large  size. 

Tlie  city  of  Leiigdes,  which  is  the  government  head-quar- 
ters of  the  diamond  district,  ia  situated  about  thirty  miles 
to  the  north  a  little  east  of  Macuj^  or  Santa  Isabel  do  Pa- 
raguassii,  and  is  a  large  and  very  important  place,  and  in 
tlie  vicinity  great  quantities  of  diamonds  are  washed,*  Oaa- 
telnau  says  tliat  along  the  course  of  the  river  of  Len98es 
there  are  pot-holes,  some  of  which  are  of  the  depth  of 
twenty-five  witli  width  of  one  or  two  bra^os  !  In  these  ea^ 
deiroes,  as  they  are  called,  a  considerable  number  of  dia- 
monds have  been  found.  The  same  autlior  says  that  these 
pot-holes  are  found  also  in  tlie  chapada  and  are  always  rich. 

Diamonds  also  occur  at  a  locaiity  not  far  southeast  of 
Ohique  Chique,  at  a  locality  called  the  Corrego  de  Santo 
Ignacio,  visited  by  Burton,  who  describes  the  vicinity  as 
composed  of  itacolumite.(?)  He  says  that  there  occurs  here 
as  at  the  chapada  "a  bouldery,  not  pebbly  conglomerate, 
which  resembles  tliat  of  the  Scottish  Old  Bed,"  f  so  that  it 
would  seem  that  the  hills  among  which  tlie  Santo  Ignacio 

*  "l-es  plus  beaux  diamanla  de  la  chapada  viennent  dosLen^oes  (les  dvaps), 
lien  si(n£  a  vingt  lienes  de  Snuta-Isabel,  cetle  bourgade  tire  son  nom.  d'un  gros 
j'niaaean,  enclaTS  dans  une  goi^  profbnde ;  il  se  precipire  de  Bommets  flev^s  sur 
de  large  dalles,  et  aprfea  j  avoir  pai'cnnni  environ  troia  rants  mfetres,  il  se  jette 
enfoimant  dcs  casdad  a  dam  le  no  SRo  Josb  Tont  i  1  entourde  ces  minei,  des 
montagnes  entierea  dea  Moca  ^nomies  comjos^s  en  grande  paitiede  cailloux 
roul^a  et  ciment^s  par  una  pite  fernigineu'Je  et  preaque  nou'e  t^moi^ent  de 
gcandea  revolutions  geologiques  En  g^nSi-iI  lea  pierrca  ont  dea  formes  tres 
rf^uUferes  et  celles  qnt  prPieoCent  la  Lri*ita]ii=atioii  en  oetielie  fbrment  ia 
granda  exception        Caafelaau   HisUnre  du   Foyaj"    Tome  detixieme   p   343 

tBnrtoi    Ilgll  nJ    of  B:  liil  "V    1    11   j    3  G 
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diamond  diggings  are  located  belong  to  the  same  formation 
as  that  of  the  chapada.*  Burton  describes  the  Herra  du 
Pintor  as  table-topped, 

I  regret  that  I  have  been  unable  to  obtain  precise  infor- 
mation concerning  the  annual  yield  of  the  diamoiid-inines  of 
Bahia  aa  well  as  to  the  size.f  quality,  and  relative  value  of 
tlie  stones.  According  to  the  report  of  the  President  of  tlie 
province,  published  in  1866,  there  were  exported  through 
the  custom-house  as  follows ;  during  the  year  1862  -  63, 
diamonds  to  the  value  of  1.64:7  :450$000  ;  during  1863-64, 
1.416 :900$000;  and  during  1864-65,  1.381 :500$000  ; 
which  figures  show  a  decrease  during  these  three  years,  but 
they  cannot  be  considered  aa  giving  even  an  approximate 
idea  of  the  annual  yield,  for  only  a  very  small  proportion  of 
the  diamonds  actually  exported  pass  through  tlie  custom- 
house, so  great  arc  the  facilities  for  smuggling.     So  nearly 

*  Mr.  Allen,  in   looking  over  mj  MS.  has  kindly  added   the  following 

"  The  Serra  do  Assurna  I  did  not  visit,  but  I  saw  it  at  a  distance  nn<l  infer- 
red it  to  be  of  sandstone.  As  it  oserliea  the  limestone,  it  seems  to  be  evidecUj  a 
part  of  the  sandstone  formation  noticed  by  me  to  the  eastward,  aa  n!i-eady  men- 
tioned. I  am  now  full)'  convinced  of  the  tnithfulness  of  your  frenei"ali^ation  in 
respect  to  the  former  great  extent  and  subsequent  denudation  of  the  sandstones. 
The  occurrence  of  ifold  and  diamonds  in  the  above-named  sevra,  as  also  at  Jaco- 
bins, was  repeatedly  spoken  of  to  me  hy  many  trustworthy  persons." 

In  1B58  the  government  conceded  to  the  CompanhiaMetallnrgicado  Assurnil 
the  right  to  mine  gold  and  other  metals  within  the  space  of  font  leagnes.  Oli- 
veiyn,  ExplomgSo  de  Mineraei,  published  as  an  Anneai  in  a  government  report 
for  1866.    My  copy  has  no  title-page. 

t  The  diamonds  of  ihe  obapadn  are  often  of  considerable  siae,  and  Burton 
says ;  "  The  Chapada  of  Babia  also  produced  a  stone  weighing  76|^  carats,  and, 
when  cut  into  a  drop-shaped  brilliant,  it  firoied  to  possess  extraordinary  play 
and  lustre.  It  was  boueht  by  Mr.  Arthur  Lpon  of  Bahia  for  SO  contos 
[S  15,000],  and  it  is  now,  lam  told,  in  the  possession  of  Mr.  E.  T.  Dresden." 
(Burton,  Highlands  of  Brasil,  Vol.  II.  p.  153. ) 
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as  I  am  able  to  ascertain,  the  animal  production  in  dia- 
monds of  the  province  cannot  fall  far  sliort  of  tliree  millions 
of  dollars, 

I  am  indebted  to  Mr.  Allen  for  the  following ;  — 


Notes  on  the  Geological  Gharactei'  of  the  Oowrdry  hetieeifn  Chique- 
Chique,  on  the  liui  de  iiiio  Franainco,  and  JiaJiia,  Brazil,  By 
J.  A.  Allen. 

Chique-Chiqiie  is  a  smoii  village,  situated  on  tlie  Eio  de  Sao 
Francisco,  about  fifty  miles  below  the  mouth  of  the  Eio  Grande  ; 
it  is  a  little  north  of  the  parallel  of  Bahia.  My  journey  thence  to 
the  latter  place  was  by  the  route  usually  taken,  by  muie-trains  in 
passing  from  the  Villa,  da  Barra  do  Rio  Grande  and  Chique-Chique 
to  the  coast,  namely,  by  way  of  Engenho  Yelho,  JacarS,  Jaoobina, 
Arraial  do  Kiacho  do  Jacuhipe,  Villa  da  Feira  da  Sta.  Anna,  and 
Cachoeira.  As  I  found  it  neoesBary  to  perform  the  journey  over 
this  unsettled  and  poorly  watered  district  in  company  with  the 
large  eastward-bound  tropas,  I  was  obliged  to  pass  on  hnrriedly, 
and  had  not  time  to  explore  the  country  adjacent  to  my  route,  or 
for  a  satisfactory  examination  of  many  of  the  interesting  localities 
immediately  upon  it.  The  following  is  a  summary  of  such  geo- 
l(^ical  observations  as  I  was  able  to  make,  the  geology  of  the 
country  being  to  me  at  the  time  a  matter  of  secondary  interest. 

The  country  between  the  Sao  Francisco  at  Ohique-Chique  *  and 
the   coast   at    Bahia  presents  three    natural  regions,  which   are 

»  Mr.  Alien  says :  "  This  name  is  always  written  by  the  inhabitants  of  the 
village  as  above ;  never,  so  far  as  I  observed,  Sique-Xique.  The  place  takes 
its  name  ftotn  the  abundance  of  ti  low  branching  form  of  C^vas,  called  by  this 
name  that  grows  here."  Bnvton  uses  Chiqae-Chique  for  the  town  and  Xique- 
Xiquo  for  the  oactus  ;  a  distinotion,  it  seems  to  me,  withont  a  difference,  since 
both  are  pronounced  alika  The  vicinity  of  Chiqae-Chique  appears  to  he  a 
perfect  paradise  of  caetuscB.  The  name  is  applied  to  several  species  of  ihe 
plant.     See  Burton,  Highlands  of  Brazil,  Chap.  XXII. 
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plateaus,  differing  widely  from  eacli  other  in  geo- 
logical and  other  characteristics.  The  first  or  west- 
ern extends  from  the  river  above  named  to  the 
vicinity  of  Jacobina,  a  distance  of  rather  more 
than  two  hiiadred  miles.  It  is  r  vast  limestone 
plain  rising  almost  imperceptibly  from  the  level 
of  the  Sao  Francisco  River  to  the  summit  of  the 
divide  which  separates  the  watera  flowing  west- 
ward and  northward  into  this  noble  stream  from 
those  that  reach  the  sea  by  other  channels.  Here 
and  there  large  exposni-es  of  the  underlying  rock 
occur,  commonly  scarcely  rising  above  the  general 
level,  but  occasionally  forming  irregular,  pinnacled 
hummocks  or  low  serraa.*  The  first  so-called 
"  serra "  met  with  occiured  at  Sta.  Euzebia ; 
thence  eastward  they  were  frequent.  At  Sta, 
Euzebia  these  elevations  rarely  attained  a  height 
of  fifty  to  one  hundred  feet,  above  the  general 
level  of  the  country;  farther  east,  and  particularly 
in  the  Volta  da  Serra,  they  rise  much  higher  than 
this,  and  in  some  cases  probably  reach  an  altitude 
of  nearly  a  thousand  feet  above  the  plain.  The 
limestone  for  many  leagues  to  the  eastward  of 
Sta.  Euzebia  is  very  compact,  dark  blue,  and  dis- 
tinctly stratified,  resembling  lithoIogicalJy  some 
that  I  had  previously  seen  on  the  lower  portion 
of  the  Rio  das  Velhas  and  at  Li^&a  Santa,  as  also 

*  Burton  says  that  the  llmeaKine  at  Chique-Chiqne  is 
liugtly  quarried  for  burning,  and  he  suggests  that  it  would 
make  a  good  hydraulic  cement.  According  to  him,  "  Chique- 
Cliiquo  annually  eends  up  and  down  stream  l>etween  the 
Villa  da  Barra  and  Joazeiro  fifteen  hundred  to  two  thousand 
alqueires."  Mr.  Alien  rematka  that  "  the  weathering  of  the 
3av(^3  the  surfaec  studded  with  aeitular  or  small  attenuated 
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on  the  Sao  Francisco  at  Urubii.  Further  eastward  this  stratified 
variety  paased  into  an  earthy,  hght-colored,  unatratified  kind, 
which  was  frequently  greatly  decomposed  at  the  surface,  becoming 
soft,  white,  and  challty  sometimea  to  the  depth  of  several  feet.* 
This  gave  to  the  distant,  nearly  vei'dureless  hills  in  many  places 
the  appearance  of  being  covered  with  snow.  Bands  of  the  strati- 
fied rock,  which  was  Bometimea  quite  ahaiy,  alternated  with  those 
that  were  unatratified  ;  in  some  ii^tances  the  passage  of  the  one 
into  the  other  was  easily  traced.  The  strike  of  the  limestone 
strata  varied  from  E.  and  W.  in  the  western  part  of  the  plateau, 
to  W.  N.  W.  and  E.  S.  E.  f  in  the  eastern.  The  dip  was  at  first 
nearly  vertical  or  somewhat  to  the  southward,  but  afterwards  an 
inclination  to  the  northward  was  observed,  Lai^e  caverns  were 
reported  to  be  of  frequent  occurrence  throughout  this  Ihnestone 
district,  from  some  of  which,  I  was  told,  very  large  bones  had 
been  taken.  Many  of  the  caverns  are  doubtless  very  rich  in 
palteontological  treasures,  but  want  of  time  and  other  circum- 
stances would  not  allow  me  to  visit  them,  though  I  greatly  desired 
to  do  so.  The  extent  northwards  of  tlie  limestone  I  had  no  means 
of  determining.  Its  southern  limit  1  once  saw  at  a  locality  known 
as  Olhcffi  d'Agua,  about  seventy-five  miles  west  of  Jacobina.  At 
this  point  we  turned  southward  a  few  miles  from  our  usual  course 
to  visit  a  spring  of  water,  and  found  an  extensive  exposure  of  a  com- 
pact quartzoae  sandstone,  which  was  horizontally  stratified  and  over- 
laid the  limestone  uuconformably,  the  dip  of  the  latter  beneath  it 
being  at  a  considerable  angle.  The  sandstone  here  stretched  away 
to  the  southward  for  miles  like  a  vast  level  floor,  its  surface  cov- 
ered only  with  detached  angular  blocks  of  the  same  rock,  and  sup- 
porting a  few  cactL      A  distant  low,  even  aerra  seen  in  the  same 

»  Von  MarlJuB  thought  that  this  chalkj  crust  teaulled  from  the  bnming  over 
of  tlie  Ettrfoce ;  but  the  heat  would  not  be  great  ennngh  Co  produce  such  an 
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direction,  aad  called  Serra  daa  Pedms  d'Agua,  was  doubtless  of  the 
same  formation.  At  Jacobina  a  similar  horizontal  sandstone  was 
observed,  which  gave  rise  to  a  beautiful  level  graesy  plain,  called 
the  Taboleira  de  Jacobina,  and  which  occupied  the  summit  of  the 

water-shed. 

Kear  the  Volta  da  Serra  two  lat^  hills  of  hornstoue,  or  chert 
("pedra  de  fogo"  of  the  Brazilians),  were  croaaed  in  the  few 
leagues  intervening  between  this  considerable  serra  and  the  Jaco- 
bina taboleira,  One  of  them  attained  the  estimated  height  of 
several  hundred  feet  and  was  several  miles  across,  while  the  other 
was  about  half  these  dimensions. 

In  respect  to  the  relative  ago  of  the  limestone  of  the  western 
plateau  I  obtained  but  few  data.  It  must,  however,  be  much 
older  than  the  sandstones  already  referred  to.  The  compact 
stratified  portion  has  a.  yery  striking  lithologioal  resemblance,  as 
previously  observed,  to  limestones  seen  on  the  lower  part  of  the 
Rio  das  Velhas,  which  rested  conformably  upon  very  old  clay 
slates.  Ko  fossils  were  seen  in  it,  but  nodular  concretions  were 
frequent  at  a  few  places.  The  Taboleiro  de  Jacobina  is  the  most 
elevated  part  of  the  region  under  consideration.  On  several  sides 
the  country  slopes  gradually,  but  to  the  eastward  the  descent  to 
the  Jacobina  valley  is  abrupt,  through  a  narrow  precipitous  defile, 
called  the  "  Tombador  "  {literally  the  "  tumble  down  ").  The  con- 
trast of  the  scenery  here  with  that  of  the  taboleiro,  which  the 
traveller  may  have  left  but  an  hour  or  two  before,  is  very  great. 
Almost  vertical  walls  of  rock,  nearly  a  thousand  feet  in  height, 
quite  surround  the  head  of  the  valley,  while  lower  down  are  iso- 
lated dome  shafed  peaks  w  thm  these  entlosmg  ivalls  * 

These  |eaks  iio  compose  1  cf  compact  gneiss  thou-,h  a  tew  of 
the  sniallei  appeal  giinitic  but  the  nppei  p  ■>it  tn  of  the  w jUs  i'^ 
quartzose  sandstone  The  valley  seems  to  have  leen  foimed  1> 
a  rent  jn  the   sandstone    which   was   suhse  ^uently  eiolpd  t     itw 

*  This  scenery  mnot  bear  th  eiuicst  r  emll  u  to  th  t  pa  i^  f  h 
Arassnahy  Calhao    »1       —  C  T  H 
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jitesent  size  ami  form  From  thp  village  of  Jaoobina  the  level 
aunimitB  of  the  distant  valky  nails  to  the  westward  are  conspic- 
ucus  featuris  m  tbe  landscape 

Leaving  TaLobma  -Mid  windm)j;  among  the  Kills  for  a  few  leagues 
wfi  soon  entei  upon  the  second  oi  middle  plateau,  which  extends 
thence  eastward  to  the  Sena  da  Terr*  Dnra,  a  point  midway  be- 
tween Jicobma  and  Caohoeira  at  the  head  of  Bahia  Bay.  Throiigh- 
ont  this  distince  of  nearly  two  bundled  miles  I  found  generally 
onh  different  varieties  of  gneiss,  usually  very  compact,  and  some- 
times so  granitic  in  itructnie  as  only  here  and  there  to  present 
well-defined  str^tiheatnn  At  oneoi  two  points  hornblende  rook 
wasi  notn-ed  of  which  there  was  a  considerable  exposure  on  the 
Piaobo  de  Tacuhipe  near  the  anaial  of  that  name.  The  dip  was 
always  eistwaid  and  nsually  veiy  great ;  the  strike  varied  some- 
what at  diffeient  localities  From  Jacobina  nearly  to  the  Serra 
da  Tena  Dura  it  was  genejiallv  N  N  W.  and  S.  S.  E. ;  sometimes 
N  W  ind  S  E  and  it  one  or  two  points  N.  and  S.  East  of  the 
Auii-il  do  Ri-icho  de  J  icuhipe  it  was  nearly  E.  and  W.,  as  in  the 
Moiro  da  Lago-i  d)  Eii  and  Monn  do  Curral  Velho,  which  have 
this  trtnd      In  thi    Si,na  di  Icii  i  Dura,  hut  a  few  miles  further 
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east,  it  ^  11  ltd  at  difFerent  points  firom  N"N    FiiilSs"\S    t 
N.  N.  W  aad  S  S  t,    ivei-i^m^  ab.  ut  N  tnd  S 

Oyei  this  whole  lea;  on  there  is  an  almost  entiia  absence  of 
loose  matemla  on  the  Burfxce  Vaat  exposures  of  neiily  lare 
rock,  sometimeb  ot  icies  m  extent  oeciir  almost  constantlv  and 
nowheie  it.  theie  moie  thwi  i  veiy  thin  sti\tnm  of  soil  &lie;ht 
knolls  ind  shillow  basin?  alternate  which  rarely  differ  more  than 
twenty  oi  thirty  feet  in  elevation  *  In  the  rainy  seaRon  many  of 
these  basins  become  filled  with  water,  forming  shallow  lagoaa, 
varying  in  area  from  less  than  one  to  more  than  fifty  acres,  from 
the  most  of  which  the  water  evaporates  in  the  dry  season.  They 
are  filled  with  rank  aquatic  vegetation,  the  dead  parts  of  which, 
accumulating  year  by  year,  already  form  large  deposits  of  partially 
decomposed  vegetable  matter.  So  numerous  were  these  lagoas  for 
more  than  fifty  miles  that  it  seemed  natural  to  speak  of  this 
region  in  my  notes  as  the  "  Lake  Plain."  Almost  everywhere  the 
elevations  are  evenly  rounded,  indicating  that  the  rocky  cnist  has 
been  eiposed  to  severe  and  probably  long-continued  abrasion. 
But  the  absence  of  abraded  materials  seemed  most  remarkable. 
Very  rarely  were  even  loose  boulders  observed,  though  a  few  such 
were  repeatedly  noticed.  At  frequent  inteiwals  there  were  singu- 
lar holes  in  the  rocks,  usually  nearly  filled  with  water,  to  which  the 
inhabitants  give  the  name  of  "  caldeiraos."  +  These  "  caldeirKos  " 
are  of  frequent  occurrence,  but  I  was  unable  to  learn  whether  all 

•  The  cotintrj  jnat  below  the  fnlls  of  Paitio  Aflbnso,  at  Piranhas,  for  in- 
stance, thongh  composad  of  gneiss,  is  worn  down  in  the  same  way  almost  to 
a  plain  ;  but  while  it  agrees  wilh  Mr  Allen's  "  lake  plnin  "  in  the  thinness  of 
iJie  soil,  the  part  I  saw  was  aljnn  an  trewi  w  th  loo  e  rocks  &ee  reference 
to  Pimniias,  in  index. 

t  The  term  caldeirSo  has  the  s^  e  de  t  tion  as  our  E  glish  word  caldron 
{chaudiere),  and  it  has  the  same  s  "n  iication  It  a  ap  1  ed  to  t  ne  pot-holes, 
but  EOraetimes  to  roclt  basins  n  wh  b  wa  e  col  ects  but  bese  la  t  ara  more 
frequently  called  /w^™,  and  when  e-icei  ated  they  form  a  q  ts  MammaJian 
bones  (Mastodon,  &c.|  are  not  nf  qnen  y  fountl  n  the  ad  ^os  of  the  lake 
plain  —  C.  F.  H, 
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were  of  a  similar  oliiiractcr.  Nearly  all  of  the  considerablo  number 
csamitied  proved  to  be  genuine  pot-holes,  and  eome  of  them  were 
of  great  siza  The  largest  one  I  measured  was  elliptical  in  outline, 
eighteen  feet  long,  nice  or  ten  in  widtli,  and  twenty-seven  deep, 
with  smoothly  worn  sides.  Beneath  the  water  that  partially  filled 
it  there  must  have  been  many  feet  of  materials  that  for  ages  have 
been  falling  into  it,  bo  that  its  whole  depth  must  be  much  greater 
than  my  measurements  indicate.*  Near  the  Serra  da  Term  Dura 
the  country  becomes  somewhat  divei-sified  by  the  presence  of  ab- 
ruptly rising  points  or  knobs  that  at  intervals  dot  its  Huriace,  as 


*  Mr  Allen  telh  mo  that  flie=e  pot  holes  oftLn  occur  oat  on  the  plain  fur 
nway  fiom  nny  hi^h  hil  iml  that  they  aic  sometunea  found  e^i  11.1  atcil  in 
tha  summits  of  Blight  hul~ing3  in  the  pla  n  or  eien  on  the  top  of  a  hill  as 
in  tlip  case  of  the  Morro  (lo  Caldeii'Co  These  holps  m  int  havi,  hcen  e-\.rn- 
laled  by  fellm„  nater  There  is  onli  one  auggoetion  that  I  can  make  a^  to 
their  origin  and  thil  is  that  theynuo  formoil  bj  glaiinl  yntLrialls  in  the 
lame  way  a^  the  pot  holes  found  over  the  glnciat^J  regions  of  North  Amencn, 
as  foi  instance  in  New  Brunanick  and  No\a  Scotia  where  I  have  had  an 
opportiinitv  of  e-taraininK  Ihem  It  is  well  Itnown  that  glacnl  -naterfalls, 
notwithetanding  the  constant  movement  of  the  ice  are  leri  often  stationary, 
and  in  the  Alps  they  hollow  oat  enormous  pot  holes  in  the  rocks  The  lata 
plain  IS  noted  for  the  small  amount  of  decompositign  which  has  taken  place 
over  it,  owing,  T  believe,  lai^ely  to  the  fact  that  it  hits  never  been  covered  by 
(he  vir^n  forest,  hnving  always  been  dry.  —  C.  nr.  H. 
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illustrated  in  the  accompanying  sketch,  talten  from  s 
known  as  the  Morro  do  Caldeir§o-assu,  there  being  a  lai'ge  pot- 
hole near  its  snmTnit  This  elevation  reached  the  height  of  about 
one  hundred  feet,  and  was  the  most  considerable  elevation  croesed 
in  this  part  of  the  journey.  It  overlooked  the  plain  for  many 
miles  in  every  direction,  and  the  knobs  rising  fi-om  it  looked  not 
unlike  small  rocky  islands  in  the  sea.  Those  examined  were  com- 
posed chiefly  of  quartz,  the  great  hardness  of  which  may  have  pre- 
vented tbeir  being  so  much  abraded  as  the  softer  strata  enclosii^ 
them.  At  its  eajstem  border  the  middle  plateau  becomes  more 
broken,  and  mei^s  gradually  into  the  Serra  da  Terra  Dura. 
These  hills  are  all  composed  of  gneiss,  varying  somewhat  in  char- 
acter, but  generally  very  hard  and  compact,  with  a  rather  small 
amount  of  mica.  The  average  ti-end  of  the  strata  has  already 
been  given. 

From  the  Sci-ra  da  Terra  Dura  a  considerable  descent  is  made 
in  reaching  the  third,  eastern,  or  coast  plateau.  This  is  char- 
acterized, so  far  as  observed  by  myself,  by  the  general  absence  of 
rock  exposures,  and  a  deep  superficial  deposit  of  compact  sand, 
probably  detritus  from  the  naked  abraded  plains  to  the  westward. 
Its  extent  and  general  features  are  too  weU  known  to  require 
a  detailed  description  here.* 

The  three  plateaus  described  above  are  separated  from  each 
other  by  low  mountain  chains  and  belts  of  broken  country.  The 
sandstone  serra  of  the  Tombador  and  the  gneiss  range  of  Jaco- 
bina  divide  the  western  from  the  middle  one,  while  the  Serra  da 
Terra  Dura  separates  the  latter  from  the  eastern.  In  some 
respects  these  several  districts  are  somewhat  alike,  but  geologically 
they  widely  differ.  The  first,  as  previously  observed,  is  a  vast 
limestone  plain,  two  hundred  mOes  in  extent,  rising  gradiiaUy  to 

*  This  plain,  which  Mr.  Allen  lias  represented  on  his  profile,  he  describes  as 
continuing  down  to  CacJioeira,  and  it  is  undoubtedly  composed  of  the  tertiary 
aandsloiipa  which  extend  over  so  krge  an  Rvea  at  the  head  of  the  bay  of  Todoa 
osSimtoa.  — C.  r.  11. 
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occur  only  at  long  intervals.  Nothing  approaching  the  ciiaracter 
of  a  village  is  met  with  between  the  Sao  Francisco  and  Jacobina. 
The  middle  district  is  more  thickly  settled,  little  hamlets  being 
more  or  less  frequent,  aud  there  are  a  few  email  villages.  The 
eastern  is  comparatiTelj  well  settled  and  largely  under  cultivation  ; 
towards  the  coast  the  soil  is  very  productive. 

A  journey  across  the  limestone  plain  is  always  tedions  and 
difficult.  Extra  animals  must  be  taken  to  transport  food  for  both 
men  and  beasts,  and  in  the  dry  season  water  must  in  like  manner 
be  provided  for  use  in  crossing  the  long  stretches  where  none  can 
be  obtained.  During  the  rainy  season  the  swollen  streams  and 
noxious  exhalations  from  the  temporary  pools  render  the  journey 
equally  troublesome  and  far  more  dangerous. 

The  topography  of  tlie  arid,  gneiss  country  of  tbo  interior 
of  Baliia,  Sergipe  and  AlagOas,  witli  its  gi'eat  plaioa  and 
bare  surface,  is  in  striking  conti'ast  witli  that  of  tlie  forest- 
clothed  gneiss  region  of  the  coast  of  these  provinces  and  of 
tlioae  to  the  south,  wliere  the  surface  of  tlie  gneiss  never 
forms  plains,  hut  is  always  hilly  and  ridgy,  and  covered  by 
a  tliick  bed  of  drift^clay.  Tliis  diiference  in  topographical 
features  lias  resulted,  at  least  in  so  far  as  the  last  surface- 
moulding  is  concerned,  from  the  different  cUmatic  influences 
to  which  these  provinces  have  been  subjected.  Over  both 
of  these  parts  of  the  country  an  extraordinary  amount  of 
erosion  has  taken  place.  One  might  at  first  he  inclined 
to  consider  tliat  the  amount  of  denudation  had  been  greater 
over  the  gneiss  plains  than  in  the  hill-roughened  basin  of  the 
Mucury,  since  on  the  former  the  upturned  gneiss  strata  are 
planed  down  to  a  more  even  lerel ;  but  it  seems  to  me  tliat 
this  feature  fiu'nishes  no  criterion.  The  peculiar  topography 
of  tlie  wooded  gneiss  region  is  owing  to  the  prevalence  of  a 
very  moist  climate,  giving  rise  to  numerous  streams,  which 
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have  furrowed  the  surfaee  with  an  intricate  system  of  water- 
couraea,  such  as  we  do  not  find  over  tlie  gneiss  plains  of  tJie 
nortli,  for  the  grand  pliyaical  features  of  the  nortliern  coun- 
try in  question  are  such  aa  produce  a  dry  climate,  and  pre- 
clude the  possibility  of  that  unequal  erosion  such  as  is  pro- 
duced by  the  flow  of  surface  waters  fed  by  heavy  periodical 
or  constant  rains.  Decomposition  must  have  played  its  part 
before  the  drift  as  well  as  afterward,  for  else  how  could 
those  feidspathic  sandy  clays  of  the  tertiary,  spread  over 
the  coast  plains  and  tlie  great  Amazonian  valley,  liave  been 
formed  ?  I  cannot  resist  the  conclusion  that  t!ie  present 
forest  belt  was  wooded  before  the  drift,  and  tliat  this  forest 
and  its  attendant  peculiarities  of  climate,  were  the  causes  of 
decomposition  as  at  present,  which  decomposition  lias  aided 
immensely  in  rounding  down  the  hills  and  producing  topo- 
graphical features  which  received  then  finishing  touches 
from  the  glaciers. 

Ill  tlie  interior  of  Bahia,  behind  the  arid  region,  wliere,  as 
in  the  Chapada,  or  the  Serra  de  Tiuba,  the  country  throws 
up  barriers  to  the  air-drift  and  causes  the  condensation  of 
moisture,  we  find  a  different  kind  of  topography,  and  the 
siu-face  is  deeply  furrowed.  There  are  forests,  and  decom- 
position haa  taken  place  to  a  greater  or  leas  extent. 

Tlie  limits  of  the  forests,  of  the  belt  of  decomposition, 
and  of  the  area  over  which  copious  rains  fall,  coincide  very 
remarkably,  and  show  a  dependence  upon  each  other,  but 
the  forest  belt  has  a  smaller  area  tlian  tliat  of  decomposition 
or  of  the  rains.  The  wooded  belt  seems  to  have  narrowed 
gi-eatly  witliin  comparatively  recent  times,  losing  its  foot- 
hold in  tlie  west,  where  immense  regions,  now  campos,  over 
wliieh  the  climate  and  soil  would  normally  be  proper  for  the 
growth  of  forests,  have  dried  up,  the  climate  1: 
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hot,  less  rain  now  falls,  and  the  forest  cannot  regain  its  lost 
place.  Donbtless  there  are  many  natural  physical  causes  to 
be  taken  into  consideration  in  studying  tlie  distribution  of 
the  forest,  catiiiga,  and  campos  floi'Ee;  but  there  is  one 
agency  ^yhich  has  been  at  work  in  Brazil,  whose  effects  we 
can  hardly  overestunate,  and  that  is  tlie  burning  over  of 
wood  and  campos  lands  by  man,*  The  very  physical  fear 
tures  of  the  highlands  of  Brazil  determine  a  difference  of 
luxuriance  in  the  flor^  of  different  regions,  and  there  are, 
as  I  have  already  shown,  regions  where  for  ages  tlie  clhnate 
has  been  such  that  forests  could  scarcely  have  had  any 
noteworthy  extension,  so  that  there  must  have  always  been 
in  Brazil,  naturally,  virgin  forests,  catingas,  ]  and 
barrens.  On  the  coast,  where  the  forest  is  dei  ai  d  n  st 
and  the  climate  is  wet,  forest  fires  are  next  t  n  p  11 
and  one  never  sees  a  scorched  and  dead  wood  u  h  as 
ers  so  large  an  area  in  the  province  of  New  B  u  w  1  f  r 
instance.  But  in  the  interior,  where  tlie  catinga  forests 
drop  tJieiv  leaves,  and  are  as  dead  for  several  months  in  tlie 
dry  season,  fires  are  easily  kindled  and  the  wood  killed ;  and 
fires  set  in  open  fields  or  campos,  for  the  purpose  of  pro- 
ducing a  new  crop  of  grass,  may  spread  to  the  neighboi'ing 
catingas.  It  is  the  opinion  of  many  writers  that  a  large 
part  of  the  catinga  and  campos  region  of  the  Brazilian  high- 
lands was  once  covered  by  forests,  and  that  their  present 
bare  appearance  and  the  character  of  their  florse  is  in  very 
great  measure  due  to  frequent  and  extensive  burning  over 
of  the  country.  Every  year  the  Brazilian  campos  lands  are 
systematically  and  almost  entirely  burned  over,  for  the  pur- 
pose of  producing  a  new  crop  of  grass.     This  burning  of 

*  For  a  very  interesting  article  on  tlie  effect  of  the  burning  orer  of  the 
campos,  see  Tidnsh-ifl/or  Fop,  Fran,  of  Natareid.,  —  CamposflOFaen  og  Cttmpos- 
fowmfoie,  by  Eug.  Wanning. 
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course  has  destroyed  tW  those  bees  inl  shmbs  oiid  plants 
of  all  kinds  tliat  cannot  beai  the  scoiching  and  has  wrought 
a  great  alteration  in  the  character  of  the  whole  flora  of  tlie 
region  ;  the  climate  also  ha&  suifeied  i  clunge  for  with  tlie 
desti-uction  of  tlie  woods  and  forests  it  becomes  hotter,  tlie 
unprotected  earth  is  like  a  furnace  streams  run  ilry  a  few 
days  after  a  shower  and  the  b\  ring's  dibappeoi  The  whole- 
sale and  careless  destruction  of  thi,  forests  on  the  Brazilian 
coast,  unless  put  a  stop  to  ■vviU  m  the  end  work  a  sure 
ruin  to  the  country  Biazil  owe^  her  ohmite  and  fitness 
for  agricultural  puiposet.  to  liei  foiests  and  it  i  absolutely 
necessary  that  they  should  be  pieserved  over  a  very  large 
part  of  the  countiy  esfecially  on  the  coi''t  Tlie  climate 
of  the  Bahia  has  aliead)  suffered  from  the  destiiiction  of 
the  forests  of  the  ErtconciTo  aiil  tl  e  lu  i  mg  over  of  the 
plains.  But  I  feai  tint  B  iz  1  will  kani  this  fact  only 
when  it  is  too  lat« 

This  whole  subject  of  the  fctnier  wooding  ot  the  Brazilian 
campos  is  the  same  as  tliit  lelating  to  the  Aoilh  American 
prairies,  which  many  suppose  to  have  once  been  wooded. 
Dana  has  shown  that  the  e\iateiice  of  forests  depends  upon 
moisture,  and  any  climatic  diange  which  maj  lessen  the 
amount  of  moisture  o\ei  a  region  may  cause  the  tlunning 
out  and  final  disapptarante  of  its  foiest  and  it  is  more  than 
probable  that  some  such  influence  beside  tint  of  forest  clear- 
ing and  burning,  has  1  ecn  it  woik  in  Enzil 

Taking  tlie  Estrada  de  Capoeiri&su  on  then  lo  irncy  from 
Cachoeira  to  Joazeiro,  Spix  and  Martins  asceiidel  the  steep 
slope  of  the  same  name  as  the  road  to  a  height  of  about 
seven  hundred  feet  whtn  thi,j  leidied  the  top  of  the  dry 
plateau. 
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Tho  rock  in  the  Ticinity  of  Caclioeira  is  gneiss,  reddish  or 
yellowish  in  color,  with  a  N.  -  S.  or  N.  B.  -  S.  W.  strike 
and  westerly  dip.  In  some  parts  specular  and  magnetic 
iron  were  observed  to  take  the  place  of  mica  in  tlie  rock. 

Two  leagues  from  Cachoeira  the  country  becomes  barren 
and  uninhabited.  Here  is  a  little  place  called  Feira  de 
Coiicei^Eio.  "The  plain,  as  a  general  thing  elevated  from 
sis  to  seven  hundred  feet  above  the  sea,  forms  here  and 
there  shallow  hollows,  in  which  during  the  rainy  season 
brackish  water,  often  unfit  for  the  use  of  cattle,  collects. 
In  other  places  one  sees  in  several  directions  rows  of  hills 
wiUi  gently  sloping  sides.  The  only  rock  we  found  was 
gneiss,  gneiss  granite,  or  granular  granite,  for  the  most 
part  of  a  reddish  or  yellowish  color,  though  sometimes  also 
blackish  or  white.  Tliis  rock  lies  entirely  bare  over  a  large 
extent  of  surface,  or  is  covered  by  a  thin  coat  of  a  heavy 
red  clay,  which  appears  to  originate  from  the  decomposition 
of  the  same  rock.  Besides  this,  fragments  of  granite  and 
fine  granite  lie  scattered  about.  In  tlie  low  lying  and  wet 
places  one  finds  little  woods  very  much  like  the  capOes  of 
Minas  Geraes;  the  higher  plains  and  the  hills  are  in  some 
cases  bare  of  all  vegetation,  in  otliers  clothed  with  single 
cactus  stems  and  plants  or  with  thick  bushes  and  low  trees. 
All  these  plants  belong  to  the  catinga  group,  for  they  shed 
their  leaves  in  the  dry  season,  and  foBtlie  greater  part  clothe 
themselves  only  on  the  entrance  of  tlie  rainy  season.  Only 
in  the  low  wet  places  do  the  leaves  remain  on  during  the 

whole  year The  wood  is  never  wholly  without  sap 

during  the  leafless  seaaon." 

The  trees  leaf  out  with  marvellous  rapidity,  and  a  short 
rain  suffices  in  two  or  three  days  to  clothe  a  wood  with 
spring-like  verdure.    Von  Martins  speaks  of  the  roots  of  the 
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Imbuzeiro  (^Spondias  tuberosa  Arr.)  which  extend  under- 
ground near  tlie  surface,  and  are  full  of  swellings  as  large 
even  as  a  child's  head,  hollow  and  full  of  water,  —  a  pro- 
vision against  the  drought.  During  the  dry  season  these 
hot  plains  are  almost  destitute  of  life.  The  smiie  kind  of 
country  estends  on  to  the  Eio  do  Peixe,  and  dumig  the  dry 
season  it  is  almost  wholly  without  water.  When  Spix  and 
Martins  reached  the  Rio  do  Peixe,  they  found  it  only  a 
string  of  brackish-water  pools. 

Crossing  the  Rio  do  Peixe  our  travellers  passed  over  a 
range  called  the  Serra  do  Rio  do  Peixe,  which  is  described 
as  being  composed  of  gneiss  and  granite,  and  strewn  witli 
gigantic  and  isolated  blocks  of  gneiss.  In  some  places  horn- 
blende rock  was  observed, 

Tlie  Rio  Itapicurli  was,  like  the  llio  do  Peixe,  dried  up, 
forming  only  a  string  of  pools.  Over  all  this  region  this  is 
the  state  of  tlie  streams  duriiig  the  dry  season ;  but  a  week's 
rain  fills  their  dry  beds  and  converts  them  into  torrents, 
which  if  tlie  rain  does  not  continue,  soon  become  dry  again, 
for  tlie  surface  water  rune  speedily  off  from  the  bare  rocks 
and  exceedingly  scanty  soil.  Such  a  country  is  of  course 
barren  and  unlit  for  culture.  Rain  falls  abundantly  enough 
on  tlie  sea-coast,  but  the  air  soon  parts  with  its  moisture,  or 
becomes  so  heated  tliat  but  little  or  none  is  condensed  in  the 
interior.  Tlie  Ari-aial  das  Queimadas  lies  only  about  one 
hundred  and  tliirty  miles  from  Baliia.  But  very  little  rain 
fails  there,  and  Von  Martins  relates  that  the  inhabitants 
assured  him  tliat  in  some  parts  in  their  vicinity  it  had  not 
rained  for  three  years.  A  little  cotton  and  maize  are  culti- 
vated there.  One  league  N.  W.  from  this  place  red  gneiss 
was  found,  stiTl^e  N.  N.  B.  At  Bebedor,  one  league  farther, 
white  granite,  with  a  K.  W.-S.  K.  sti-ike,  was  seen,     Ap- 
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proacliing  the  Serra  de  Tiuba  light  green  pistadte  became 
more  and  more  abundant  in  tlie  granite,  at  first  in  grains, 
taking  tlie  place  of  mica,  afterwards  in  bands  through  the 
rock.  Thin  layers  of  a  slate-lilce  homblende-etoue  were 
also  observed  in  the  rock. 

The  Sorra  de  Tiuba,  where  our  travellers  passed  it,  is 
about  twelve  hundred  feet  high  above  its  base,  and  is  com- 
posed of  reddish  granite  passing  into  sienite.  It  is  wooded 
to  its  summit,  probably  owing  to  the  condensation  of  the 
moisture  in  passing  over  the  serra,  producing  a  dam^jer 
climate  ;  and  I  am  strengthened  in  this  opinion,  since  Yon 
Martins  says  tliat  the  treea  increase  in  height  in  going  up 
the  serra. 

West  of  the  serra  a  more  level  country  succeeds,  and  con- 
tinues to  Villa  Nova  da  Raiuba,  southwest  and  north  of 
which  are  mountains  which  show  in  their  valleys  high 
catinga  woods  and  a  comparatively  thick  covering  of  fer- 
tile soil.  From  Villa  Nova  Spix  and  Mai-tius  made  a  rapid 
journey  to  Monte  Santo,  to  visit  tlie  great  meteorolitc  of 
Bemd§go. 

Tlie  way  ascends  gradually,  with  occasional  patches  of 
catinga,  to  the  fazenda  called  Coche  d'Agua,  on  the  west 
side  of  tlie  Serra  de  Itauba.  Tlie  hills  at  the  base  of  the 
mountains  are,  like  tlie  serra  itself,  of  gneiss-granite. 
"  The  rock  is  for  tlie  most  part  bare,  but  here  and  there 
a  tliickness  of  from  four  to  five  feet  of  reddish  clay  lies  in 
the  shallow  hollows  which  the  Serianejos  excavate  to  a 
depth  of  several  feet  in  order  to  make  tanks  for  the  keeping 
of  tlie  rain-water.  In  these  hollows  numerous  bones  of 
ancient  animals  are  found,  for  the  most  part  in  a  broken 
state,  and  so  scattered  tliat  one  hardly  dare  hope  to  find  a 
complete  skeleton.     Tho  bones  in  a  recognizable  condition 
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wliicli  we  bad  the  opportunity  to  gather  are  the  tinder  jaw, 
a  vertebra,  ai^d  a  pai't  of  a  shoulder-blade  of  a  mastodon." 

At  tlie  fazenda  called  Earriga  Molle  similar  bones  were 
found,  and  at  Mundo  Novo  aud  Pedra  Vermelha  Spix  and 
Martins  found  in  a  tanque  the  head  of  a  femur.  OUier 
localities  for  tliese  fossil  remains  mentioned  by  Von  Martins 
are  the  Faaenda  de  Sao  Gonzalo  and  CaldeirGes,  and  at  the 
Fazenda  Cangan^So,  near  the  Monte  Saiito. 

Monte  Santo  is  an  isolated  hill  of  imea  slate  wliidi  has  a 
N.  -  S.  strike.  The  height  of  the  mounta,in  is,  according  to 
a  barometrical  measurement,  about  serenteen  hundred  and 
sixty  feet  above  the  sea.  The  rock  is  said  to  contain  dis- 
tliene.  In  Uie  vicinity  are  several  serras  characterized  by 
Von  Martins  as  resembling  one  another  in  their  "  rounded- 
o£f,  long-drawn-out  ridges,  without  st«ep  sides,  gaps,  or  rug- 
ged cliffs,"  the  whole  bemg  covered  with  catinga  vegetation. 

At  a  place  called  Bemd§go,  near  Monte  Santo,  Spix  and 
Mai'tius  examined  an  enoinnous  block  of  meteoric  iron,  al- 
ready visited  by  Mornay  *  in  1811,  and  Von  Martins  gives  a 
long  description  of  it  in  his  Reise,  to  which  the  reader  is 
referred.  It  was  discovered  in  tlie  year  1784  by  a  man  who 
was  searching  for  a  lost  cow.  Coming  under  the  notice  of 
the  Governor,  an  attempt  was  made  to  carry  it  off,  under 
tlie  impression  tliat  it  was  silver  ;  but  tlie  cart  broke  down, 
and  Spix  and  Martins  found  it  long  afterwards  lying  in  a 
bix)ok  nearly  buried  with  sand.  Tliey  give  the  greatest 
length  at  eighty  Paris  inches,  the  greatest  breadth  43^", 
and  the  greatest  height  34|".t     The  specific  weight  was 

•  Phil.  TransBCMons,  1816,  p.  270. 

t  MbmHy,  foe.  dl.,  gives  its  dimensions  as  7  X  4  X  2  feet,  the  cubic  contents 
at2B  feet,  and  tha  weight  of  tlie  whole  mass  at  14,000  pounds.  Sec  Danii's 
System  of  Mlnerali^y,  p.  16.  Mornnj's  paper  is  accompanied  hy  a  plate, 
Ehowing  die  shape  of  tlie  meteorite.    Von  Martina  also  figures  it  in  his  atlas. 
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7.731.  Tliey  estimated  tlie  weight  of  tlie  wliole  block  at 
17,300  Paris  pounds.  Fragmenta  of  tlie  mass  were  cut  off 
and  carried  to  Europe,  where  tliey  were  examined  by 
MclientschGr.  WoUastou  had  already  made  a  chemical 
analysis  of  it.  The  latter  found  it  to  contain,  kon,  96.1 ; 
uickel,  3,9 ;   while  Fickeutscher  obtained 

Iron  SG.IO 

Niclid  5.71 

J  Nickel 
Mixture  of     S  t;jii„„., 

VCarbon  J  cig.OT 

The  prepared  surface  showed  tlie  Widmannstadtian  fig- 
ures. 

Li  tlie  vicinity  of  Bemdego  were  found  some  strange 
characters  painted  on  a  rock,  apparently  by  Indians,  and 
Von  Martins  gives  a  sketch  of  them  hi  the  atlas  accom- 
panying his  work, 

Bnrton  *  gives  a  long  list  of  localities  in  Brazil  in  which 
inscriptions  occur  either  engraved  in  or  painted  upon 
stone,  and  he  figures  a  number  of  the  hieroglyphics  lie 
observed  on  the  banks  of  the  Sao  Francisco,  a  short  distance 
above  the  rapids  of  Itaparica.  He  gives  also  copies  of  cer- 
tain other  gl)T)h3,  observed  by  Mi'.  G.  H.  Williams,  of  Ba- 
hia,  on  the  Rio  Panema,  one  of  the  influents  of  the  Lower 
Sao  Francisco.  Characters  of  this  sort,  which  his  Majesty 
tiie  Emperor  of  Brazil  has  supposed  to  be  the  work  of  ma- 
roon negroes  or  Quilombeiros,  but  which  Burton  refers  to 
the  Indians,  appear  to  be  very  common  in  numerous  locali- 
ties on  the  Lower  Sao  Francisco  and  in  the  northwestern 

*  HigMantla  of  the  Brazil,  VoL  II.  Chap.  XXVIL 
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part  of  tlie  province  of  Baliia.*  Von  Martius  speaks  of  hav- 
ing found,  ill  the  immediate  viciuity  of  the  locaUty  he  de- 
scribes, fragments  of  Indian  pottery,  showing  that  tliere 
had  anciently  been  an  Indian  encampment  on  the  spot. 
He  afterward  found  rock  sciilpturings  on  tlie  banks  of  the 
Japurfi. 

Near  the  Villa  Nova  da  Tlainha  is  ike  Sen-a  do  Gado 
Braho,  which  is  described  as  a  granite  hill  covered  in  places 
with  a  layer  of  red  clay  affording  gold. 

From  Villa  Nova  towards  Joazeiro  the  road  leads  for  some 
sis  leagues  tlirough  catinga.  The  rock  for  ilie  whole  dis- 
tance appears  to  be  gneiss,  often  with  piatacite,  and  the 
counti-y  is  quite  even.  Granite  blocks  lie  strewn  about  over 
tlie  surface,  with  loose  pieces  (^FiindHnge)  of  verdegria-col- 
ored  quartz,  fihrolite,  schorl,  and  common  opal.f 

Prom  Joazeiro,  Spix  and  Martius  made  an  excursion  to 
the  Eio  de  Salitre  to  visit  a  locality  where  salt  was  extracted. 
This  river  flows  into  the  Sao  Francisco  from  the  south,  about 
a  league  to  tlie  west  of  Joazeiro.  According  to  Von  Mai'tius, 
the  rock  in  the  vicinity  of  the  town  is  granite.  Going  wesfc- 
sonthwest  towards  the  Rio  de  Salitre  this  rock  was  soon  left, 
and  whitish-yellow  dolomite  succeeded.  Burton  says  that 
at  its  mouth  tlie  Eio  de  Salitre  has  tall  banks,  white  with 

*  Mr.  Wallace,  in  his  Travels  on  the  Amazon  ancl  Rio  Negivj,  describes  sim- 
ilar pictnre-writini;s  as  occurring  at  Monta  Alegre,  Serpa,  at  several  localities 
on  the  Rio  Negi'o,  and  on  the  Uaupe's, 

t  The  Bahia  and  SSo  Fianciseo  Railroad  is  to  terminate  at  Joazeiro.  Ac- 
cording to  the  Eurvey  of  Vivian,  Joazeiro  is  set  down  as  936  feet  ahove 
the  sea.  Halfeld  gives  the  height  of  the  livec  at  this  i)OJnt  at  1383  palmas  (998 
feet). 

Fi-om  a  MS.  map,  furnished  me  by  Mr.  Nloolny,  showing  the  line  of  Vivian's 
survey,  I  lake  tlie  following  heights  of  places  along  the  line  ;  — ■ 

Alflgoinhas,  300  feef.  Agoa  Fria,  76.3  feet.  Coite',  1,146  feet,  Fan.  da  Sta. 
Luzia,  1,106  feet.     Queimadas,  888  feet.    Toa.  da  Ariieira,  1,997  feet. 
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the  finest  limestone.  Passing  the  hmestone  band,  Ton  Mar- 
tina describes  a  band  of  finely  bedded  mica  slate  composed 
of  crystalline  quartz  grains  and  white  or  bright  brown  mica. 
A  clay  slate  of  a  dark  gi-een  color,  highly  laminated,  and 
containing  crystals  of  magnetic  iron  ore  or  pale  flesh  red  or 
bluish,  with  chlorite,  occupies  a  large  area  along  the  river. 
This  rock  sometimea  passes  into  mica  slate. 

Associated  witli  it  are  greenstone  and  gray  limestone, 
with  garnet,  and  folia  of  chlorite,  and  mica  slate.  At  the 
Fazenda  Aldea,  between  the  hiila  of  the  last-named  forma- 
tion and  the  river,  Von  Martina  describea  a  flat  piece  of 
gi-ouud,  about  60,000  aquare  feet  in  area,  over  which  the 
soil  ia  highly  impregnated  with  salt.  There  are  many  other 
similar  localities.  The  soil  is  alluvial,  and  deposited  by  the 
river.  It  ia  ochre  yellow  in  color,  and  contams  more  or  less 
of  pebbles  and  vegetable  material.  After  a  rain  or  freshet 
has  covered  this  soil,and  thesunhas  dried  it,  an  efflorescence 
of  salt  appears  on  the  surface.  It  is  not  pure,  and  it  ap- 
pears to  contain  sulphate  of  lime,  chloride  of  lime,  chloride 
of  magnesia,  and  saltpetre. 

Tlie  basin  of  the  Sao  Francisco,  from  tlie  E.io  Verde  north- 
ward to  tlie  Rio  de  Salitre,  is  extensively  covered  by  salhie 
deposits,  and  some  of  the  streams,  as,  for  instance,  the  Rio 
Verde,*  a  river  navigable  for  some  distance  for  canoes,  are 
brackish.  Von  Martins  says  :  "  To  the  west  the  mountains 
withdraw  themselves  still  fai'ther  from  the  stream,  and  the 
country  consists  of  a  uniform,  dry  plain,  grown  up  with  gi'ass 
and  low  bushes.  Here  one  sees,  especially  in  the  low  places, 
and  particularly  after  rain,  white  crusts  of  salt  weather  out, 
and  the  places  where  it  makes  its  appearance  most  abundant- 

*  Burton  remarks  that  the  fish  seemed  to  be  attracted  in  sworms  by  the  braclt 
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ly  (lagoas,  salines)  are  the  salt-mines  of  tlie  inhabitants." 
These  mines  lie  sometimes  at  a  great  distance  from  tlio 
river.  The  salt  is  collected  by  scraping  up  the  ci'ust  of 
salt  from  the  eartli,  mixing  it  with  water  to  separate  tlie 
earthy  impurities,  and  then  allowing  the  salt  to  crystallize 
out  by  the  heat  of  the  sun. 

Bm-ton  says  that  sometimes  the  liquor  is  "  strained  in 
hangups  (coppers  or  hides)  evaporated  over  the  fire  and  al- 
lowed to  crystallize."  Salt  made  in  this  way  must  of  coiirse 
vary  very  much  in  quality,  and  there  is  every  gradation 
from  almost  pure  salt  to  a  useless  dirty  variety  bitter  with 
magnesian  salts.  The  ongin  of  the  salt  of  the  SSo  Fran- 
cisco valley  is  unknown.  So  fai'  as  we  know,  no  deposits 
of  rock-salt  *  occur.  The  amount  of  salt  manufactured  on 
the  SSo  Francisco  is  insufficient  to  meet  the  demand,  and 
much  sea  salt  finds  its  way  overland  by  way  of  Joazeiro. 

Mr.  Allen  has  been  kind  enough  to  give  me  the  following 
note  on  the  salt  of  the  SSo  Francisco  valley. 

"  A  saline  efflorescence  occurs  at  innumerable  localities  in 
the  drier  portions  of  the  Brazilian  plateau,  as  in  other  ai-id 
districts,  but  chiefly  along  the  banks  of  the  sti'eams.  At 
Jacar^,  situated  about  midway  between  Chique-Chique  and 
Jacobina,  the  efflorescence  arising  in  the  dry  months  from 
the  annually  ovei-flowed  banks  or  bottom  lands  of  the  Riacho 
do  Jaear4  is  scraped  up  at  intervals,  of  course  with  more  or 
less  earth,  and  the  whole  leached.  The  lye  thus  obtained 
is  placed  in  small  troughs  to  be  evaporated  by  tlie  sun,  by 
which  means  a  small  quantity  of  impure  common  salt  is  ob- 

*  According  to  the  Engineer  Kesbitt,  rock-salt  occurs  below  Chaauta,  on  the 
Rio  HiiEllBga,  one  o{  the  great  crihutaries  of  the  Amaionaa,  and  he  aaja  that 
the  banks  of  the  river  foi'  more  than  a  league  are  puvc  rock-salt !  (Brazil  and 
Brazilians,  p.  578.] 
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tained.  At  times  the  amount  of  other  accompanying  saline 
compomids,  as  sulphate  of  magnesia,  &o.,  is  so  great  as  to 
render  it  quite  linlit  for  use.  Though  the  river  bottoms,  or 
the  ovei'flowed  portions  of  their  valleys,  aiTord  the  principal 
sources  of  native  salt,  the  borders  of  the  lialf-dried  lagoons 
not  unfrequently  abound  with  a  similar  efflorescence.  Such 
salt  licks  occur  as  far  south  at  least  as  Januaria,  where 
they  are  numerous.  Prom  this  fact  the  city  is  more  com- 
monly known  in  the  neighborhood  as  Salgado  than  by  the 
name  of  Januaria. 

"  The  banks  of  the  lower  portion  of  the  Rio  das  Velhas 
are  also  remarkable  for  a  similai-  thick  incrustation  of  what 
appeared  to  be  neai-ly  pure  sulphate  of  magnesia.  Tliia 
incrustation  is  often  of  considerable  tliickness,  appearing 
not  unlike  thick  hoar-frost.  To  the  presence  of  these  saline 
impurities  in  the  waters  of  the  streams  of  many  portions  of 
Minas  is  attributed  the  great  prevalence  of  the  disease 
known  as  goitre,  that  occurs  there  with  such  frequency. 

"  Most  of  the  sti'eams  of  Eahia  arc  brackish,  at  least  in 
the  diy  season." 

"  At  Jacar^  the  apparatus  I  saw  in  use  in  the  manufac- 
ture of  salt  was  extremely  rude,  a  section  of  a  hollow  tree 
serving  for  the  leaching-tub,  and  small  logs  hollowed  out 
for  evaporating-vessels. 

Saltpetre,  as  above  remarked,  occurs  with  the  salt  over  a 
large  area  in  the  provinces  of  Eahia  and  Minas  Geraes ;  but 
in  the  limestone  region  of  the  Sao  Francisco  valley,  where 
caves  are  abundant,  it  is  found,  as  we  have  already  seen, 
mixed  with  tlie  earth  in  the  bottom  of  the  caves.  Von 
Martins  says  that  fifteen  leagues  up  the  Kio  do  Salitre  tliere 
are  extensive  caverns  excavated  in  limestone  and  filled  with 
a  black  earth  containing  ^-^-^  of  saltpetre.     The  process  of 
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extraction  is  very  simple.  The  eartli  is  lixiviated  with  hot 
or  cold  water,  and  the  lye  is  reduced  in  strength  by  evapo- 
ration until  the  saltpetre  crystallizes  out.*  Wlieu  salt 
occurs  mixed  with  tlio  saltpetre  tlie  lye  obtamed  by  tlie 
lixiviation  of  the  eaxtli  is  first  evaporated  down  snifieiently 
to  allow  the  salt  to  crystallize,  after  which  the  saltpetre  is 
obtained  by  further  evaporation. 

Saltpetre  is  quite  largely  extracted  in  some  parts  of  tlie 
SSo  Francisco  valley,  and  on  tlie  Rio  das  VoDias.  Burton 
says  that  on  the  Upper  Rio  das  Velhas  it  sells  for  10  $  000 
(about  $  5.00)  per  arroba. 

From  Carunhanha  to  Unibii  the  SSo  Francisco  flows 
tlirougli  a  flat  country,  bordered  here  and  tliere,  at  a 
greater  or  less  distance  from  the  river,  by  isolated  hills  and 
ridges.  Just  below  the  Rio  Carunhanha  is  the  Serra  da 
Lapa,  composed  of  limestone  f  of  a  bluish  color,  and  hori- 
zontally sti-atiiied.  Below  Urubii  the  river  valley,  accord- 
ing to  Burton,  becomes  more  conti'acted  and  is  bounded  by 
"  Serras,"  which  on  one  side  or  the  other  accompany  it  at 
a  short  distance.  These  serras  are  masses  of  horizontally 
stratified  sandstone,  with  which  the  valley  was  doubtless  at 
one  time  filled,  but  which  lias  suffered  very  extensive  denu- 
dation. Burton  says  that  below  Urubii,  with  tlie  change  in 
the  geological  structm'e  of  the  valley  there  is  ushered  in  a 
change  in  the  climate  and  tlie  vegetation,  which  Mr.  Allen 
assures  me  is  veiy  marked.  The  sandstones  in  many  lo- 
calities are  described  by  Burton,  Halfeld,  and  others  as  ita- 
columite.     The   sandstone   lying  near  the  surface  of  tlie 

*  Burton,  Vol.  II.  p.  291. 

t  Mr.  Allen  savs ;  "I  well  remember  the  sena  of  horizontal  blue  lime- 
stone nt  and  below  Urubv!  mentioned,  as  you  state,  Tij  Miiuiiii  'iml  Bui  ton. 
The  limestone  for  many  miles  east  of  Chiqne-Chique  wat  lithologically  of  the 
r,  but  the  strata  there  were  inclmed.     See  mv  icpori " 
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tertiary  cliapadas  of  the  Jcqiiitinhonha  basin  also  resemble 
itacolumite.* 

Below  tlie  Barra  do  Rio  Grande  tlie  river  valley  is  de- 
scribed by  Burton  as  broadening  and  forming  a  dead  flat, 
which  in  places,  as  at  Chiqne-Chique,  is  covered  with 
patches  of  blowing  sand,  reminding  one  of  an  African  desert. 

A  short  distance  below  Chique-Chique,  near  Tapera  da 
Cima,  are  heavy  deposits  of  magiietic  iron  ore,  which  Bur- 
ton compares  with  the  Itabirite  and  Jacutinga  of  Gongo 
Soeco  and  vicinity.  The  relation  of  these  deposits  to  the. 
other  rocks  he  does  not  give,  but  Halfeld  states  that  they 
have  a  north  south  course. 

At  Pilao  Arcado  Burton  speaks  of  finding  a  conglomerate 
underlaid  by  soft  gi-een  shale,  traversed  by  qiiartz  veins. 
Here  gneiss  makes  its  appearance.  The  Serra  do  Tomba- 
dor,  near  the  Ilha  Grande  do  Zabel^,  Burton  describes  as 
composed  of  magnetic  iron  ore  resting  on  limestone.  Tlie 
river  for  a  great  part  of  the  way  between  Ohique-Chique 
and  Joazeiro  is  bounded  by  conical  hills  and  ridges.  Below 
Joaaeiro  outliers  of  the  great  horizontal  sandstones,  &c.,  ap- 
pear constantly  on  both  sides  of  the  river,  and  they  con- 
tinue, as  we  shall  see  further  on,  even  below  the  fall  of 
Paulo  Affonso.  The  bottom  roclis  are  gneiss,  slates  of  va- 
rious kinds,  limestone,  &c.,  but  no  competent  geologist  has 
been  over  the  country,  and  its  structure  has  yet  to  be 
worked  out. 

*  Mr.  Allen  gives  me  tTie  following  note  :  "  Kespecting  the  sandstone  occur- 
ring telow  Urnbii,  Burton's  obaervationa  and  my  pwn  also  agree.  I  mention 
them  in  my  note  as  quarlzites  anil  quartzose  Eandstone.  I  could  see  no 
diflk^nce  between  them  and  those  observed  200  miles  to  the  eastward  at 
Olhos  d'Agua  and  in  tJie  Jacohina  Taboleira.  Near  Jacobina  1  ohserved  them 
also  disintegrated,  fonning  beds  of  white  quartz  sand  on  the  declivities  of  some 
of  the  hills."  The  term  "  itacolumite  "  is  verj  loosely  used  by  travcllci's,  and 
is  applied  to  compact  schistose  sandstone  as  well  as  to  the  true  itacolumite. 
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CHAPTER  Vin. 

FEOVISCE   OF   BAHIA,   GEOLOGY    OF   THE    VICINITY   OF   SSO   SAL- 
VADOR AK0  THE   BAHJA  AND  SlO  FKAKCISCO  EAILKOAD. 

Topography  of  ihe  Vicinity  of  Sfio  Salvador  da  Bahia,  —  The  Upper  and 
Lower  Cities.  —  The  PopulHtion,  &c.  — The  Harbor.  —  The  Commerce  of 
the  City  and  Province.  —  The  Climate,  &c.  —  The  Balila  Steam  Navlgntion 
Company.  —  The  Bahia  and  Sfio  rranolsco  Eailroad.  —  The  PKi-ngnassil 
Steam  Tram-road.  —  The  GneiBs  of  Balna.  —  Decomposition.  —  Drift  De- 
posits —  ConsolidalJon  of  Boachae,  —  Stone  Keef  at  Rio  Vermelho.  — 
Blown  Sands  covering  the  Drift  of  ihe  Hills.  —  Mr.  AUport's  DeEcciption  of 
the  Cretaceous  Beds  of  Monscnato  and  Plataforaia.  —  Fossil  Fishes,  Croco- 
diles, &C. — Description  of  several  species  of  Fossil  Mollusks,  —  Cretaceous 
Beds  of  Plataforma  and  Vicinity.  —  Pi'of.  Marsh's  Notice  of  the  Reptilian 
Hemnins  — Fossil  Fishes  at  Agua  Comprida.  —  Gneiss  at  the  Rio  Johannes. 
—  Taboleii-os  and  Sand  Plains  of  Camassari.  — Pecnliarities  of  the  Topo- 
graphy of  the  Tertiary  Hiils.  —  Tabatinga  Clay. —  Sand  Plains  and  Ta- 
boleiros  of  the  Imbu^ahy.  —  Peat-Bog.  —  Drift.  —  Diamond-washings  at 
Pi tanga.  —  Cretaceous  Strata  at  Pojuca.  —  Piassabas.  —  Campos  of  Ala- 
goinhos.  —  Tertiary  Hills.  —  Character  of  Vegetation. 

The  sea-coast  line  going  soiiiliward  doubles  sliai-ply  nortli- 
ward  on  itself  on  reaching  tlie  mouth  of  tlie  Ealiia  de  Todos 
OS  Santos,  foiining  a  sharp  peninsula  or  cape  directed  soutli- 
ward  and  terminating  in  the  point  St.  Antonio.  Tliis  point, 
which  is  composed  of  gneiss,  is  about  four  miles  long,  and 
has  a  mean  elevation  of  about  two  hundred  feet.  On  the 
esaward  side  the  land  is  iiiUy,  the  hills  being  often  liemi- 
spherical  or  hemi-elliptical,  and  presenting  very  reraarlEably 
regular  outlines.  On  the  coast,  as  in  the  case  with  the  Morro 
do  Consellio,  and  the  hills  in  the  vieinhy  of  Rio  Vermcllio, 
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till  le  liilli  are  tnre  ol  tipes  so  tint  tliPir  form  11  bcaixtifully 
&LC11  Ou  tliewubtem  bide,  which  ly  occupied  by  the  city 
of  Bahia,  this  cape  is  very  even  in  height,  and  is  bounded 
by  1,  steep,  in  =toine  caseb  piecipitous  slope,*  which,  with  a 
somewhat  zigzag  couise,  is  continued  many  miles  to  the 
northwaid    ippiiently  maiking  the  line  of  a  fi\cture. 

The  uty  ot  bSo  Salvidoi  da  Balua,  usually  knjwn  as 
Ciiiii,  stretches  along  the  ed^e  of  tlie  bluff  for  several 
miles  The  cidiide  alia  is  me^ulaily  but  well  built  for  a 
feouth  Amenein  town  ind  tliere  aie  some  beautiful  resi- 
dences, especially  in  the  soutliern  part  of  the  city.  There 
are  many  churches,  some  of  which  are  very  line,  together 
with  schools  of  various  kinds.  Besides  these  tliere  is  a 
medical  college,  a  public  library  of  several  thousand  vol- 
umes, a  large  tlieatre,  a  public  garden,  and  a  museum ;  but 
tlie  latter  is  no  credit  to  the  city. 

Below  the  bluff  is  tlie  cidade  baixa,  which  occupies  a  very 
narrow  sti-ip  along  the  bay.  This  is  Uie  business  portion, 
and  though  it  for  the  most  part  consists  of  but  one  or  two 
streets,  it  is  closely  built  up  with  warehouses  and  stores. 
Here  are  the  Alfandega,  or  custom-house,  tlie  markets, 
tlie  marine  arsenal,  the  consular  offices,  banks,  several 
hotels,  &c.  It  is  a  hot  and  busy  pla«e.  The  city  stretches 
along  tlie  shore  for  several  miles  to  tlie  nortlieast,  form- 
ing tlie  suburbs  of  Monserrate  and  Itapagipe,  the  latter 
known  as  the  head-quarters  of  tlie  Bahia  Steam  Naviga- 
tion Company.     The  two  cities  are  united  by  very  highly 

*  "In  1671,  as  a  result  of  heavy  raina,  Ihere  oceatred  a  desti"uctive  slide 
from  tliG  summic  of  the  bluff,  which  precipitated  n  large  quantity  of  earth  upon 
the  lower  town,  deettojing  houses,  bm-jing  thii'ty  persona  alive,  and  filling  np 

half  of  the  Praia Similar  slidea  have  fi'oquentlj  occurred  in  the  history 

of  Bahia,  notwilhatanding  the  exi>enditure  of  immense  sums  in  endeavoring  to 
pi'event  thera."  —  Kidder's  Brazil,  Vol.  II.  p.  33. 
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inclined  streets,  passable  with  great  difficuity  by  carriages 
or  teams.* 

The  whole  city  numbers  from  160,000  t  to  180,000  $ 
inhabitants,  principally  of  Portuguese  and  negi'o  descent, 
though  there  are  many  foreigners,  as  at  Rio.  Quite  a  num- 
ber of  Englishmen  are  engaged  in  business  there,  but  Ameri- 
cans are  few.  The  society  is  almost  tlioroughly  Buropean- 
ized,  and  there  is  much  real  culture  among  the  people. 

The  Bay  of  Baliia  forms  one  of  the  best  harbors  on  tlie 
Brazilian  coast,  and,  next  to  that  of  Bio,  it  is  the  most  re- 
sorted to.  It  is,  however,  so  wide,  and  the  entrance  is  so 
open,  that  the  ocean-swell  rolls  in,  preventing  sliippmg 
lying  at  the  quays,  which  is  also  the  case  at  Rio.  In  ordi- 
nary weather  the  shipping  is  protected  by  tlie  high  land  on 
which  the  city  stands,  but  southwest  storms  cause  a  heavy 
swell.  The  city  owes  its  importance  chiefly  to  its  harbor, 
which  eminently  fits  it  to  be  a  port  for  foreign  trade,  while 
it  makes  the  city  tlie  centre  of  the  trade  of  the  coast  for  a 
long  distance  north  and  south,  as  well  as  of  the  interior. 
The  products  of  the  SSo  Francisco  and  of  Sergipe  find  their 
way  for  the  most  part  to  Baliia.  The  borders  of  tlie  bay 
itself,  or  the  Reeoncavo,  so  called,  are  highly  cultivated,  and 
produce  much  sugar,  tobacco,  piassaba  fibre,  &c.  The  princi- 
pal product  of  the  interior  is  cotton,  which  is  cultivated  to  a 

•  A  street  with  a  moi3eraf8  grade  to  connect  the  two  toivns  was  in  process 
of  bnilding  in  1867.  By  tliia  dnic  it  ta  probably  completed.  Dapper,  in  his 
America,  pnbliahefl  in  1673,  gives  a  very  cniiocis  and  interesting  copperplate 
engraving  of  the  city.  He  represents  the  upper  city  as  built  on  a  plain,  sar- 
ronnded  tehind  by  a,  narrow  crsBcant-shaiied  If^e,  and  with  high  mountains  in 
the  backgi'ound.  Two  inclined  planes  for  carriages  elevaled  by  machinery 
are  seen  uniting  the  upper  and  lower  tovrns. 

t  Pompifo,  Geogmphin,  1864. 

J  Dr.  Ctmdido  Mendea  de  Almeida,  Atlas,  1868. 
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considerable  extent  in  the  leas  and  regioiiB,  Cattle  are 
raised  m  great  quantities,  and  large  herds  are  sent  into 
the  provmLe  fiom  the  countiy  went  and  north.  Perhaps 
no  bettei  idea  of  tlie  commeice  of  Bahia  rould  be  afforded 
than  by  giving  the  official  tables  of  the  exports  during  the 
year  1864-65*:  — 


Agoardente 
Cotton     . 

Gao&u 
Coffee 
Cigars 

DiamosdR 
Other  Articles 
Tobacco    . 
Woods 
Piaaaaba  . 


Official  Viilnea. 

372:813$120 

1.303:2771553 

6.316; 


141: 


:225$356 
:063$4:50 
:839$000 
;008$300 
i500$000 
:029|Oi9 
■8331745 
:266$997 
:437$S53 


The  cac^n  cornea  pnncipally  from  Ilh^os,  and  the  coffee 
from  tlie  Oolonia  Leopoldina.  Large  quantities  of  good 
cigars  are  made  in  Bahia,  and  are  sold  at  a  very  low  price. 
At  Oachoeira,  or  rather  at  Sao  Pehx,  opposite,  ia  a  very 
large  mannfactory  of  cigars  (charutos)  and  cigaritos.  The 
latter  are  much  esteemed  in  Brazil.  The  hides  come  from 
the  interior  of  the  proyince  and  from  the  Sao  Francisco. 

I  have  in  preceding  pages  called  attention  to  the  whale- 
fishery  of  the  port. 

The  following  table  will  show  the  value  of  national  pro- 


;  Commendador  Manoel  Pinto  da  Souza 


Daiitas,  Bahia,  1860,  S,  Qun 
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ducts  exported  to  other  provinces  disring  the  latter  half  of 

the  year  1865 :  — 

Porta.  Values. 

Alagfiaa 115:052$949 

Ceard 2fi:0G2$31S 

Espirito  Sa^to          ....  9:545$877 

Maranbao 27:812$877 

Peiiiambuoo 1.048:050$020 

Pam eO;008$970 

Paralijba 1;485$500 

Rio  de  Janeiro 368;402$986 

Rio  Grande  do  Sill   ....  213:865S,'Jll 

Sergipe 150:930$837 

2,020:307$845 
Tlie  climate  of  Baliia  is  hot,  but  not  unhealthy.*  In  tlie 
lower  city,  where  the  streets  are  narrow  and  protected  from 
the  sea  breeze  by  the  high  ground  behind,  it  is  very  warm 
and  uncomfortable,  but  I  have  never  suffered  so  much  in 
the  lower  town  from  the  heat  as  I  have  in  early  summer  in 
New  York.  In  the  upper  city  the  climate  is  exceedingly 
pleasant  and  healthy  for  a  tropical  city.  Eahia  has  suf- 
fered at  times  from  yellow-fever,^  but  it  has  been  for  many 
years  remarkably  healthy. 

Bahia  is  connected  with  Europe  by  two  lines  of  steam- 
ships, and  witli  New  Tork  by  the  Brazilian  mail  steamers. 
It  is  the  head-quartera  of  tlie  Eahia  Steam  Navigation  Com- 
*  For  eeverftl  years  past  Dr.  Antonio  de  Lncerda  has  kept  a  joavnal  of 
meteovologieal  observations  for  M.  Arago,  but  I  do  not  tnow  that  they  have 
yet  been  published.  The  climate  of  Bahia  appears  to  be  ir.oce  moist  than  iJiat 
of  Rio,  and  rains  are  more  fi'eqaBnt,  being  distribnied  ihrongh  ilie  entire  year, 
t  Pomp^o,  writing  in  1864,  saya  (Geoffraphia,  p.  449) ;  "Until  1849  Bahia 
was  suffioienlly  healthy ;  but  since  that  time  the  yellow-fever  became  almost 
endemic,  attacking  with  preference  the  Europeans."     Pompeo  ia  not  qnilfl  ac- 
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paiiy,  under  the  able  direction  of  my  esteemed  friend,  Mr. 
Hugh  Wilson.  Tliis  company  has  at  present  a  fleet  of  six- 
teen steamers.  Of  these  one  miis  regularly  between  the 
city  and  Macei6,  in  the  north,  calling  at  Fenedo,  and  at 
vai-ious  iwrts  in  the  province  of  Sei-gipe.  Regular  steam 
navigation  has  been  established  on  the  SSo  Francisco,  below 
the  Porto  das  Piranhas.  Several  steamers  of  the  company 
ai'e  engaged  in  ranniiig  between  BaJiia,  Cachoeira,  St.  Amaro, 
and  various  other  pomts  in  tlie  Reconcavo,  and  tliere  is  a 
regular  line  between  Bahia  and  Oaravellas,  or  the  Colouia. 

A  railroad  has  been  commenced  to  Joazeiro,  but  after 
extending  ninety  miles  in  a  northerly  direction  from  Bahia, 
it  ends  in  a  desert  sand-plain  at  Alagoinhas,  as  we  shall  see, 
and  there  is  no  prospect  of  its  ending  anywhere  else  for 
some  years  to  come. 

From  Cachoeira  to  Urubu,  on  the  Sao  Francisco,  a  steam 
ti'am-road  has  been  projected.  It  was  formally  opened  in 
July,  1867,  but  I  have  not  learned  what  progress  it  has 
made  up  to  this  time.*  The  road  will  run  up  tlie  Para- 
guassii  valley,  through  the  diamond  region,  with  side 
branches  to  Feira  de  Sta.  Anna  and  Lengfies. 

This  railroad  has  a  future  before  it,  as  it  is  to  run  through 
a  much  more  important  tract  of  country  than  tlie  Bahia 
and  SSo  Francisco  Railroad. 

The  gneiss  composing  the  point  on  which  Bahia  is  built 
is  composed  of  a  very  compact,  sometimes  tra.p-like  variety 
of  gneiss,  not  infrequently  without  mica  and  with  very  in- 
distinct planes  of  stratification,  as  has  already  been  obsen'ed 
by  Allportf  and  Darwin.  The  latter  has  given  the  following 
description  of  the  Bahian  gneiss  :  ^  — 

•  Major  Jnmea  informs  me  that  it  is  pioposeil  to  make  this  n  railroad. 
+  Quarterly  Journal  Geological  Societj,  Vol.  XVI.  Part  3,  p.  263. 
t  Geological  Observations,  p.  140. 
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Til  ]  levaJmg  rock  is  giieisa  often  passm^  by  the  d  s^ppear 
•xnce  ot  the  quartz  and  mioa  ind  by  tLe  felilipji  loamg  ita  red 
coloi  into  a  brilliant  g^aJ  piimitive  gTeenftoiiQ  Not  unfie 
quentlj  qxiartz  ai  1  hornblende  we  nmged  in  lasers  m  aln  ost 
amoipho  la  fddspar  IhLrc  i?  some  fine  grained  bienitic  jiranite 
orbiciilailj  marked  by  fenugmous  line-J  dnd  \  eather  rg  into 
vertical,  cjlndncd  boles  almost  toichn^  each  other  In  the 
gneiss  concietion^  of  granulai  fellspar  and  others  of  garnet?  with 
mica,  occur.  The  gneiss  is  traversed  by  nnmei-ous  dikes  composed 
of  biock,  finely  crystallized,  hornblendic  rock,  containing  a  little 
glass)-  feldspar  and  sometimea  mica,  and  varying  in  thickness  from 
mere  threads  to  ten  feet  ;  these  threads,  which  are  often  cnrri- 
linear,  could  sometimes  be  traced  running  into  the  larger  dikes. 
One  of  these  dikes  was  remarkable  from  having  been  in  two  or 
three  places  laterally  disjointed,  with  unbroken  gnei^  interposed 
between  the  broken  ends,  and  in  one  part  with  a  portion  of  the 
gneiss  driven,  apparently  whilst  in  a  softened  state,  into  its  side 
or  wall.  In  several  neighboring  places,  the  gneiss  included  angu- 
lar, well-defined,  sometimes  bent  masse*  of  hornblende  rock, 
quite  like,  except  in  being  more  perfectly  crystallized,  that  forming 
the  dikes,  and,  at  least  in  one  instance,  containing  (as  determined 
by  Professor  Miller)  angite  as  well  as  hornblende. 

".  .  .  .  The  folia  of  the  gneiss  within  a- few  miles  round  Bahia 
generally  strike  irregularly,  and  are  often  curvilinear,  dipping 
in  flU  directions  at  various  angles  ;  but  where  best  defined,  they 
extended  most  frequently  in  a  N.  E.  by  K  (or  East  50"  N.)  and 
S.  W.  by  S.  line,  corresponding  nearly  with  the  coast  line  north- 
wards of  the  bay.  I  may  add  that  Mr.  Gardner  found  in  several 
parts  of  the  province  of  Geara,  which  lies  between  four  hundred 
and  five  hundred  miles  north  of  Bahia,  gneiss  with  the  folia  ex- 
tending E.  46°  N. ;  and  in  Guyana,  according  to  Sir  E.  Schom- 
burgk,  the  same  rock  strikes  E.  57°  JS".  Again,  Humboldt  de- 
scribes the  gneiss  granite  over  an  immense  area  in  Venezuela  and 
even  in  Colombia,  aa  striking  E.  50'  N,,  and  dipping  to  the  N.  W. 
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at  an  angle  of  fifty  degrees.  Hciioe  all  the  observations  liitherto 
made  tend  to  show  that  the  gneissio  rocks  over  the  whole  of  this 
part  of  the  confmeiit  have  then  fulia  extending  generally  within 
almost  a  point  of  the  compass  of  the  same  diiection." 

On  the  totufdce  the  gneiss  is  m  some  places  decomposed 
to  a  grpat  deptli,  and  so  soft  as  to  be  easily  removed  by  a 
spade  01  mattock  It  it,  well  cvpo'-ed  m  the  numerous  cut- 
tings on  the  streets  in  different  parts  of  the  city  and  vicm- 
ity.  On  tlie  Ladeira  do  Bom  Gosto,  on  the  southern  side 
ascending  the  hill  towards  tlie  cemetery,  is  a  very  heavy  ex- 
cavation, in  which  Hie  decomposed  gneiss  in  situ  is  beauti- 
fully shown,  and  wliere,  at  the  time  of  my  visit,  workmen  were 
cutting  it  away  with  hoes.  The  decompositioii  consists  of 
a  loss  of  alkalies  on  the  part  of  tlie  feldspar,  reducing  it  to 
tlie  state  of  kaolin.  The  iron  of  the  rock  is  oxidized  and 
stains  it  a  deep  brick-red,  though  tlie  color  is  rarely  uni- 
form, but  likely  to  be  in  streaks,  portions  of  the  rock  being 
white.  Between  tlie  lighthouse  at  the  barra  and  the  first 
little  point  above  to  the  westward,  the  rock  is  the  dark 
gneiss  above  described  ;  it  is  well  bedded,  but  the  stratifi- 
cation is  much  disturbed.  The  strike  here  is  N.  60°  E.  Dip 
N,  W,  35°,  Nearer  tJie  lighthouse  tlie  rocks  become  much 
distorted ;  tiiere  are  here  several  large  veins  traversing  the 
rook ;  one  trap  vein  about  nine  feet  wide  has  a  N.  S.  direc- 
tion, while  a  granite  vein  I  observed  runs  N.  B.,  S.  W. 

The  lighthouse  is  built  on  a  rock  which  is  joined  to  the 
mainland  by  a  narrow  and  low  istlimus.  The  road  which 
skirts  the  shore  crosses  this  isthmus,  making  a  considerable 
excavation  necessary,  while  tlie  road  branching  off  to  go  to 
the  lighthouse  runs  thraugh  a  similar  cutting.  The  greatest 
thiclmess  thus  exposed  is  twelve  feet.  Tlie  upper  part, 
c  c  c,  consists  of  the  ordinary  red  earth  one  finds  every- 
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wliere  spread  over  tlie  surface  of  the  hills  at  Baliia.  In 
it  are  seen  occasional  loose  irregular  masses  of  quartz  and 
Baliian  gneiss,  tlie  latter  decomposed.  Tlie  under  part,  h  5, 
consists  of  an  irregular  slieet  of  boulders  of  Bahiau  gneiss 
more  or  less  decomposed,  sometimes  a  foot  and  a  half  in 
diameter,  in  some  cases  angular,  in  others  rounded,  to- 
gether with  others  of  that  peculiar  friable  quartz  so  com- 
mon in  the  quartz  veins  of  the  Baliian  peninsula,  also  either 
angular  or  rounded  milky  quartz  pebbles,  of  all  sizes,  tlie 


whole  being  thrown  together,  without  any  arrangement,  in  a 
confused  mass.  The  greatest  thickness  of  the  boulder  bed 
exposed  is  about  four  feet,  but  it  thins  out  at  a  to  only  six 
inches,  and  is  seen  to  lie  immediately  upon  the  decomposed 
gneiss. 

This  is  the  most  remarkable  gravel  deposit  which  I  have 
seen  on  the  coast.  According  to  my  estimation,  tlie  height 
of  the  bottom  of  tliis  sheet  above  sea  level  is  twenty  to 
twenty-five  feet. 

On  the  eastern  side  of  the  lighthouse  the  gneiss  is  much 
broken  up  and  faulted.  There  are  here  some  interesting 
granite  veins,  in  which  the  materials  are  seen  to  be  very 
coarsely  ciystallized  on  the  side  of  the  fissure,  while  tlie 
crystals  of  the  middle  of  the  vein  are  very  small.  Near 
this  place  I  found  gneiss  of  a  light  color,  full  of  garnets, 
almost  vertical,  and  with  a  strike  of  N.  25°  E. 

Going  up  the  beach  and  passing  the  first  little  point,  one 
lieet  of  a  soft  dark  brownish  or  yellowish  sand- 
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stone  lying  against  tlie  hillside,  and  extending  from  near  low- 
tide  mai'k  to  a  height  of  some  fifteen  to  twenty  feet.  Tliia 
sand  lias  been  evidently  washed  or  blown  np  from  the  shore 
over  tlie  hillside.  The  grains  of  sand  in  this  rock  are  very 
line  and  uniform,  and  the  whole  is  loosely  cemented  by 
oside  of  iron. 

I  had  observed  thai  the  red  drift  coating  in  no  place  caino 
down  to  the  surface  of  the  sea,  but  that  it  was  invariably 
worn  away  up  to  about  tliat  level  to  which  the  waves  must 
have  reached  at  the  time  when  the  late  rise  of  tlie  land 
began.  Below  tliat  line  the  hillsides  were  bare  and  the 
rock  surface  broken  and  irregular,  I  found  that  the  sands 
just  described  overlapped  the  drift  and  in  part  protected  it, 
but  the  waves  had  washed  away  a  portion  of  it,  so  that  the 
drift  is  seen  underlying  the  sands  and  extending  to  below 
half-tide  mark,  showing,  I  think,  conclusively  that  tlie  land 
was  more  elevated  when  the  drift  was  deposited  tlian  it  is 
at  present. 

The  seaward  sides  of  several  gneiss  hills  are  bared  and 
much  broken  up  by  the  waves,  which  beat  heavily  on  this 
coast.  It  is  interesting  to  observe  the  exceedingly  irregu- 
lar surfaces  developed  by  this  action,  and  how  tlie  harder 
rocks  become  prominent  while  the  softer  are  washed  away. 
This  gneiss  is  of  tlie  same  general  character  as  that  at 
tlie  Barra,  though  it  varies  much  in  color  and  general  ap- 
pearance. 

At  the  lightliouse,  and  especially  to  the  eastward,  the 
beach  is  partially  solidified  by  tlie  cementing  together  of  its 
materials  by  the  lime  derived  from  shells.  The  shingle  of 
the  beach  and  tlie  sand  and  gravel  packed  away  in  cracks 
in  the  rocks  become  cemented  solidly  together,  Wliere  the 
beach  is  composed  of  sand,  it  is  converted  into  a  very  hard 
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sandstone  up  to  a  level  considerably  above  half-tide,  and  in 
this  aajidstone  the  stnictiire  and  in-egular  bedding  of  the 
beach  are  beautifudly  preserved.  Very  commonly,  after  tliis 
solidification  has  taken  place  to  some  depth,  the  newly  made 
rock  is  washed  bare,  and  broken  up  by  the  waves.  In  tliis 
case  it  forms  detached  masses,  sometimes  an  extensive 
sheet  of  sandstone,  which  appeai-s  to  crop  out  on  the  beach 
with  a  seaward  dip  of  a  few  degrees,  whatever  the  trend 
of  the  beach  may  be.  Masses  of  this  kind  we  find  at  inter- 
vals on  the  shore  between  Bom  Fim  and  Bahia,  and  on  the 
coast  thence  to  Eio  Vermelho.  The  stindstone  of  this  reef 
or  solidified  beach  often  contains  layers  of  coarse  materials 
as  ■well  as  an  abundance  of  shells,  tlie  latter  usually  broken, 
but  sometimes  perfectly  preseiwed,  and  with  their  colors 
quite  fresh. 

It  is  yeiy  interesting  to  see  how  this  consohdation  goes 
on.  On  a  long  sand  beach  one  may  trace  it,  sometimes,  in 
every  stage  of  progress.  It  fi"equently  happens  tliat,  owing 
probably  first  to  a  heavy  storm,  a  ridge  is  thrown  up  behind 
the  beach.  Tliis  opposes  a  barrier  to  the  sea  for  a  long  time 
thereafter,  and  may  increase  in  height  and  extent  from  the 
drift  of  the  sand  by  tlie  wind,  which  is  very  likely  to  take 
place,  especially  when  the  shores  have  a  northerly  ti-end,  on 
account  of  tlie  prevalence  of  northeast  winds.  Along  this 
line  shells  are  thrown  up  in  great  quantities  and  buried 
in  the  sands.  These  shells  become  dissolved  by  Uie  water 
soaking  through  the  sands,  whetlier  salt  or  fresh,  and  the 
carbonate  of  lime  tlms  derived  ia  deposited  as  a  cement 
to  the  materials  of  the  beach  to  a  height  somewhat  above 
half-tide,  rarely  ever  to  high-tide  mark.  The  copious  rains 
must  tend  notably  to  tliis  result,  and  the  waters  from  marsh 
lands  soaking  thi'Ough  the  beach  must  also  assist  in  the 
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solidifying  process.  Sometimes,  after  the  solidification  of 
tlie  lower  part  of  tlie  beacli,  tlie  loose  parts  are  swept  away 
by  a  storm,  it  may  be,  sometiines,  by  the  bursting  of  the 
barrier  by  the  freshet  of  a  river,  which  has  inundated  the 
low  groimds  behind.  In  this  case  the  beach  is  left  stand- 
ing like  a  wall  running  in  the  water  parallel  to  tlie  coast. 
Such  a  reef  is  seen  at  Rio  Vermelho,  where,  after  skirting 
Uie  shore  for  some  distance,  it  projecte  partially  across  the 
mouth  of  a  little  bay,  like  a  wall  or  breakwater  of  roek. 

Tlie  reef  at  Rio  Vermelho  illustrates  veiy  well  the  general 
character  of  tliese  consolidated  beaches.  It  is  composed  of 
layers  of  calcareous  sandstone  and  conglomerate,  often  some- 
what irregular,  dipping  seaward,  the  dip  behig  only  a  few 
degrees,  or  about  tliat  of  an  ordinary  sand  beach.  Tlie  height 
of  the  reef  is  very  uniform.  In  the  finished  and  isolated 
reefs,  as  that  of  Pernainbuco  and  the  one  under  considera- 
tion, the  recent  rise  of  the  land  has  brought  this  level  some- 
what above  tliat  of  tlie  sea. 

The  solidified  portion  is  seen  to  be  but  a  sheet  of  varying 
tliickness  lying  on  tlie  surface  of  the  beach.    On  the  inner 
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side  it  is  quite  thin,  and  from  the  action  of  witer  behmd  it 
is  undermined  and  broken  off,  until,  at  last,  it  forms  a  low 
perpendicular  wall,  undennined  below  and  sometimes  pio 
jecting  several  feet.  Usually  this  side  of  tlie  leef  is  flanked 
by  a  slope  of  sand  or  mud,  and  sometimes  by  large  oblong 
blocks  of  Uio  sandstone. 
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The  surface  of  the  reef  is,  broadlj  speaking,  horizontal, 
but  it  is  marked  by  longitudinal  ridges  and  much  worn 
away,  sometimes  honeycombed  and  exceedingly  rough,  with 
large,  shallow  or  deep,  irregular  poola  of  water,  tlie  homes 
of  several  species  of  corals,  Ac.  The  whole  mass  is  divided 
by  joints  into  great  blocks.  On  the  seaward  edge  the  reef 
is  often  worn  away  by  the  waves  and  undermined,  present- 
ing always  a  perpendicular  wall  to  tlie  sea.  Tlie  upper  bed 
almost  always  projects  a  little,  and  gi-eat  blocks  broken 
from  it  lie  in  front,  which  afford  some  protection  to  the  reef. 
One  often  finds  a  depth  of  twelve  to  iifteen  feet  or  more  at 
low  tide  along  this  side  of  the  reef.  In  most  cases  corals 
grow  on  tlie  faces  of  these  reefs  below  low  water. 

The  reef  rock  is  quarried  quite  largely  at  Bahia,  as  well 
as  at  Pernambuco,  for  building  purposes,  and  in  both  cities 
it  has  been  used  for  flagging.  In  the  sidewalks  of  the 
upper  town  at  Bahia  one  may  see  it  in  large  blocks  which 
are  full  of  shells  of  species  now  common  on  the  coast. 

Going  northward  beyond  tlie  Morro  do  Conselho,  the 
gneiss  hills  recede  more  and  more  from  the  coast,  and  low 
lands  come  in  between  them  and  the  sea.  These  I  have 
examined  for  a  short  distance  north  of  the  Morro  do  Con- 
selho. The  coast  is  fringed  with  patches  and  strips  of  sands 
which,  in  part  fonning  dry  plains  with  a  scanty  vegetation, 
in  part  swampy,  do  not  rise  to  a  greater  height,  as  a  general 
rule,  than  eight  to  ten  feet  above  tlie  sea.  Tliere  are  many 
patches  of  this  kind  near  Bahia,  and  some  are  of  considerable 
extent.  On  the  seorcoast  they  occupy  several  little  bays  be- 
tween the  hills.  As  we  go  northward  beyond  the  Morro  do 
Conselho  these  sands  become  wider  in  extent  and  occupy 
large  tracts.  The  sands  on  this  coast  are  very  fine,  and 
are  easily  raised  and  carried  by  the  winds,  so  that  exten- 
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sive  sand-hills  are  formed,  and  the  shores  of  Itapimn,  a  few 
leagues  north  of  Bahia,  are  white  as  snow. 

In  an  excursion  made  among  the  dome-shaped  gneiss  hills 
to  the  east  of  the  city  of  Baliia,  and  bordering  the  sands,  I 
observed  tliat  the  light,  white  sand  was  blown  up  on  tlie 
seaward  side  of  some  of  the  hills  over  the  rich  red  drift,  so 
that  one  half  of  a  hill  is  snow  white  and  the  other  brick  red. 
These  hills  are  cultivated  in  places,  and  it  was  very  interest- 
ing to  see  a  red  field  set  in  a  framework  of  white  sands,  the 
drift  soil  being  turned  up  in  tlie  process  of  tilling. 

Tlie  city  of  Bahia,  as  already  described,  is  built  in  part 
on  a  low  strip  of  land,  which,  beginning  some  two  miles 
above  the  lighthouse  on  the  bay  side,  accompanies  the 
shore  for  a  mile  or  two  farther  on,  when  it  sweeps  round 
westward,  separating  itself  from  the  gneiss  ridge,  forming 
a  long,  irregular  tongue  of  land  occupied  by  the  suburbs 
Jequetaia,  Bom  Fim,  and  Itapagipe. 

From  Jequetaia  to  Bom  Fiia  tliis  tongue  of  land  is  flat 
and  composed  of  recent  sands.  At  Bom  Fim  and  Monser- 
rate  the  land  is  higher  and  more  irregular,  tlie  height  being 
eighty  to  one  hundred  feet.  It  is  composed  of  cretaceous 
strata,     Allport  says :  *  — 

"  The  rocky  cliff  forming  the  soutliwest  of  the  hill,  on 
which  ilie  fort  of  Monserrat  is  built,  presents  to  view  sev- 
eral alternations  of  conglomerate,  sandstone,  and  shale. 
Towards  the  northeast  these  beds  pass  into  a  gi'itty  shale 
of  a  bluish-gray  color,  and  full  of  pebbles ;  the  latter 
gradually  disappear,  and  the  upper  strata,  as  far  as  the  sea^ 
ward  exposed  portion  extends,  consists  of  beds  of  shale,  al- 
ternating with  bands  of  sandstone,  both  of  which  contain 
the  same  species  of  fossil  shells.     The  entire  series  of  tlieso 

*  Quarterly  Journal  Geological  Society,  Vol.  XVI.  Parts,  p.  £G3. 
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deposits  is  covered  with  tlio  usual  red  loam,  and  have  the 
general  inclination  to  the  northwest. 

"  The  seaward  exposed  position  of  the  chfF  of  Monserrat, 
about  thirty  feet  in  height,  consists  chiefly  of  conglomerate, 
with  irregular  wedge-shaped  hands  of  shale  and  clay,  aiid 
also  bands  of  sandstone.  Tlie  conglomerate  is  composed  of 
more  or  less  rounded  pebbles  of  gneiss,  granite,  quartz,  and 
otlier  crystallhie  racks,  and  occasionally  of  sandstone,  tlie 
whole  fonning  an  extremely  hard  rock.  The  peljbles  vary 
in  size  from  tlie  finest  gravel  to  large  boulders, 

"  In  the  shale,  neai'  tlie  base  of  the  cliff,  were  found  tlie 
fossils  about  to  be  noticed,  consisting  chiefly  of  scales  and 
otlier  portions  of  fish,  bones  and  teetli  of  saurians,  together 
with  lignite,  a  few  MoUusca  and  some  Entomostraca. 

"  Two  miles  from  the  above  hill,  in  a  northeast  direc- 
tion, is  the  Plataforma,  another  hill  of  the  same  formation, 
but  loftier ;  the  conglomerates  and  shales  have  here  the 
same  lithological  character,  and  in  the  latter  are  found  sev- 
eral fossils  similar  to  tliose  found  at  Monserrat. 

"  Tlie  geological  position  of  the  above  formation  is  unde- 
tennined,  as  they  have  not  been  traced  in  connection  with 
other  deposits  ;  but  a  probable  inference  may,  perliaps,  be 
made  from  an  examination  of  the  fossil  remains. 

"  With  regard  to-  the  fish  remains.  Sir  P.  Egerton,  Bart., 
P.  G.  S.,  to  whom  the  specimens  have  been  submitted, 
states  that  "  the  scales  are  those  of  Lepidotus.  The  spe- 
cies appear  to  be  a  new  one.  The  nearest  approach  to  it 
is  an  undescribed  species  from  the  lithogi'aphic  stone  of 
Pappenheim  [middle  oolite], 

"  Numerous  fish-bones  were  found  associated  with  the 
scales ;  and  probably  the  greater  portion  belong  to  Lepido- 
tus also.     But  those  and  the  crocodilian  teeth  and  bones, 
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which  arc  also  common  in  tliese  claya  from  Monserrat  aiid 
Plataforma,  have  not  yet  been  systematically  examined. 
Professor  Owen,  on  a  cursory  view  of  the  large  vertebra, 
figured  in  PI.  XVII,,*  suggested  that  it  would  he  a  dorsal 
vertebra  of  a  Dinosaui-ian  reptile  allied  to  tlie  Meg-ah- 
saurus." 

At  Monserrat  Mr.  Allport  collected  a  Melania  described 
by  Morris  as  Melania  terebriformis,  and  species  of  Unio, 
Paludiua,  Neritina  (?),  together  with  seven  species  of  cyp- 
i-ida,  enumerated  and  in  part  described  by  Jones,  namely, 
Cypris  (?)  concultata,  Candona  Candida  Miill,  Chjpris  (?) 
MonserratensiSy  Cypris  (?)  Allportiana,  Cypris  sp.  non  dc- 
script, 

I  was  unable  to  visit  the  locality  at  the  fort,  hut  I  ex- 
amined Oie  beds  quite  carefully  near  the  Pedra  Forada. 
On  the  shore,  south  of  this  last-named  locality,  are  exposed 
thick  beds  of  sandstone,  sliale,  conglomerate,  and  limestone, 
the  continuation  of  the  same  series  as  Allport  describes. 
This  limestone  is  of  a  compact  texture,  and  mottled  witli 
brown,  gi'ay,  and  gi-een.  It  contains  some  sand,  together 
with  little  pebbles  of  gneiss  and  quartz,  generally  angular. 
Freshly  broken,  this  rock  shows  tlie  fossils  very  mdietinctly, 
but  on  the  weathered  surfaces  they  stand  out  in  fine  relief. 
At  the  same  time  the  surface  becomes  granular,  as  if  it 
were  composed  of  coai-se,  round,  or  oval  grains  of  sand. 
These  are,  however,  calcareous,  and  the  structure  may  be 
oolitic,  tliough  the  grains  look  as  though  they  had  been 
rounded  mechanically. 

Associated  with  this  rock  is  a  fine-textured  argillaceous, 
light  slate-colored  limestone,  in  which  there  is  no  trace  of 
this  oolitic  (?)  structure,  but  instead  one  thids  occasionally 

*  Quarterly  Journal,  Joe.  cH. 
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tiie  cone-in-cone  structure  beautifully  developed,  —  a  some- 
what unusual  circumstance  in  rocks  of  tliis  age.  In  these 
rocks,  which,  at  the  most,  form  a  hed  but  two  feet  thick, 
seyeral  species  of  shells  occur  in  immense  numbei-s.  Of 
these  Melania  ierebriformis  and  Paludina  (  Vivipara)  La- 
cerdm  sp.  nov.  are  the  most  abundant.  Species  of  Unio, 
Planorbis,  teetli  and  bones  of  crocodiles,  and  bones  of 
Dinosaurian  reptiles  are  also  to  be  found  here,  together 
with  scales  and  bones  of  Lepidotus  and  other  fishes. 

This  limestone  with  its  fossil  shells  resembles  very  closely 
specimens  of  fresh-water  fossiliferous  limestones  from  the 
Weald  of  England. 

Tliere  are  also  thick  beds  of  shale,  in  places  black  and 
finely  laminated,  but  for  the  great  part  not  well  laminated 
and  very  soft,  of  a  very  light  color,  and  full  of  little  flakes 
of  mica.  In  this  shale  are  to  be  found  layers  abounding 
in  entomostracan  remains,  of  wliich  the  most  interesting  is 
an  estherian  with  its  valves  marked  witli  concentric  ridges 
like  an  Astarte,  and  apparently  new.  Pish  scales  and  skele- 
tons are  not  uncommon. 

There  are  some  heavy  beds  of  sandstone  in  this  section, 
which  are  seen  near  the  Pedra  Furada.  This  sandstone  is 
fine-t«xtured,  soft,  and  of  a  light,  greenish-gray  tint.  It  is 
a  rare  tiling  that  it  affords  fossd  remains,  and  tliese  are 
usually  carbonized  stems  of  plants.  Von  Martius  speaks  of 
rich  beds  of  Blatter-Kohl  near  the  mouth  of  Itapagipe  and 
of  a  brown  coal  in  tlie  sandstone  near  the  city  of  Baliia. 
This  last  is  said  to  have  been  worked  for  a  short  time  by 
the  direction  of  the  government,  by  Feldner,  a  German, 
early  in  this  centary.  I  saw  notliing  to  indicate  the  exist- 
ence of  coal  or  lignite  at  Bahia,  and  I  do  not  believe  that 
any  deposit  of  the  slightest  value  exists  there.* 

*  Gardner  says  that  Dr.  Parigot  fount!  the  Bahian  coal  to  be  lignite. 
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The  Monserrate  fossila  clearly  indicate  a  fresli-watcr  origin 
for  the  beds  in  which  they  occur.  Tlie  following  are  tlie 
mollueks  tlius  far  obtained  from  this  locality :  ■ — ■ 

Melania  terebriformis  Morris,  Geological  Jourual,  Vol.  XVI.  p.  2GG, 
PL  16,  Figs.  3«,  3  6,  3.;. 

"Shell  subulate,  consisting  of  7-8  flattened  whorls,  marked 
with  numerous  obliijue,  somewhat  prominent,  rounded  ribs,  which 
are  in  m  p  n  n  stronger  towards  the  anterior  part  of  the 
shell.  In  m  nd  duals  the  posterior  part  of  each  whorl  is 
slightly  a  d  nak  the  suture  more  distiuct.  The  last  whorl 
is  son  wh  t  n  tn  t  d.  The  aperture  is  ovate.  The  Up  of  the 
colum  11a  IS  m  what  thickened  and  reflesed."  Length  18  mm. 
Mr.  Moms  gives  a  figure  of  a  smooth  vai-iety,  with  a  less  cylin- 
drical shell.  The  top  of  the  spire  of  the  common  forms  of  M. 
terebriformis  is  rarely  perfect  in  adult  specimens.  The  younger 
shells  are  sharp-pointed,  and  might  be  mistaken  as  belonging  to 
another  species. 

The  test  is  usually  well  preserved,  and  the  shells  are  sometimes 
hollow. 

Locality,  Monserrat-e,  and  ■vicinity,  Bahia.  Age,  Lower  Cretaceous. 
Collectors,  Allport,  Nicolay,  Williams,  Lacerda,  and  C.  F.  H. 


%  Ificolayana,  sp,  nov. 

Shell  minute,  subulate,  nearly  cylindrical,  with  six  or  more 
whorls  which  are  flatter  and  move  oblique  than  in  M.  terebriformis. 
Sutures  distinct     Surface  smooth.     Length  2^  mm. 

This  form  occurs  associated  with  the  preceding,  but  it  is  appar- 
ently a  very  rare  shell.  I  dedicnte  it  to  the  Rev.  Mr.  Nicolay,  to 
whom  I  am  under  many  obligations. 

Locality,  same  as  preceding.     Collector,  C.  F.  H. 

Yivipara  (Pakidina)  Lacerda,  sp.  nov.   Geological  Journal,  Vol.  XVI. 
Plate  14,  Fig.  2. 
Shell  about  20  mm.  in  length,  ovato  conical,  usually  with  four 
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very  ventricose  whorls  separated  by  deep  sutures,  sabumbilicate, 
smooth,  shell  rather  thick. 

Thb  species  is  figured  by  Morris  as  above,  and  is  referred  to  by 
him  in  a  note  to  Mr.  Allport's  paper  as  having  "  a  smooth  shell 
subuiubilicate,  and  showing  four  ventricose  whorlsj  deeply  sutured." 
This  shell  appears  sometimes  to  have  had  a  truncated  spine  like 
our  modem  V.  excim.  It  is  exceedingly  common  in  the  limestones 
at  Monserrate,  and  is  occasionally  found  in  the  shales.  I  have 
never  seen  it  at  Plataforma.  I  take  much  pleasure  in  associating 
with  the  species  the  name  of  my  esteemed  friend  Dr.  Antonio  de 
Lacerda. 

Collectors,  AUport,  Nicolay,  Lacerda,  C.  F.  H, 

Yivipara  {Paludina)  Williainm%  sp.  nov. 

Shell  smaller  than  that  of  Y.  Lacerdw,  from  which  it  is  also  dis- 
tinguished by  being  more  conical  and  having  whorls  much  less 
ventricose  and  shouldered.    Length  9  —  10  mm. 

Quite  common  with  the  preceding  species  at  Monserrate. 

Collectors,  AUport,  Williams,  Nicolay,  C.  F.  H. 
Planorhis  Monserraiensw   sp  n  v 

Shell  minute,  flat  above  concave  below  whorls  two  and  a  half 
in  number,  flattened  iiom  above  rounded  increasmg  rapdlym 
width,  and  apparently  flaimg  a  little  neii  the  m  uth  wh  h  is 
oblong,  wider  than  high      Surface  smotth 

This  pretty  little  shell  is  q  nte  ammm  assoc  ited  u  th  the 
Vivipara,  Melania,  &c  at  Monserrate  In  the  coirgloi  eiate  at 
Plataforma,  in  which  the  lejtilnn  bones  ocmr  there  11  i  firm 
which  much  resembles  this  but  the  fcpiril  seems  moio  c^en  and 
the  shell  ia  oblique  in  outlme  ipparentlj  ftom  the  r%\  d  lAidemng 
of  the  body  whorl.  Thi'^  list  mij  lo  a  spenets  of  7nh  ^ti  The 
width  of  the  shell  of  the  spctics  ]  i^t  1  ''Ciiled  is  alcut  2  mm 
Collector,  C.  F.  H. 

Unio  (Anodon  ?)  Totium-Sanciornm.,  sp.  nov. 
Shell  small,  ovate-elongate,  compressed,  wider  behind  tlian  be> 


,db,Google 


352  GEOLOGY   ASD  rnYSICAL  GKOGBAl'HY. 

fore,  the  ends  and  lower  mai^ia  formiog  a  very  regular  ciirve, 
which  is  somewhat  straightened  below.  Hinge  line  much  shorter 
than  shell.  Umbo  quite  prominent,  strongly  and  broadly  flat- 
tened by  a  wide  and  shallow  but  well-marked  depression  which 
runs  downward  but  obliquely  backward  across  the  valves,  giving 
to  the  shell  the  appearance  of  having  two  rather  prominent  but 
wids  ridges  extending  from  each  side  of  the  umbo,  one  obliquely 
forwards  widening  and  growing  lower  toward  the  margin,  the  other 
much  more  obliquely  bacliwards  with  the  same  characters.  The 
shell  is  rather  thick,  and  is  marked  on  the  outside  by  numerous 
fine,  concentric  lines  or  wrinkles. 

Collectors,  Allport,  Kieolay,  and  0.  F.  H. 

During  my  last  visit  to  Bahia  I  undertook  a  careful  and 
systematic  examination  of  the  rocks  exposed  in  the  cut- 
tings along  the  Baliia  and  SSo  Francisco  Railroad,*  and  I 
■walked  over  the  greater  part  of  the  line  to  Alagoinhas,  ex- 
tending my  observations  for  several  miles  beyond  among  the 
taboleiros. 

The  observations  made  on  tliis  excursion  I  give  in  detail, 
taking  them  with  little  change  from  my  field-booli. 

The  Bahia  and  Slio  Francisco  Railroad,  leaving  tlie  station 
at  Jequetaia,  follows  the  low  sandy  ground  skirting  the 
gneiss  hills,  and  runs  along  the  northern  side  of  tlie  bay  of 
Itapagipe.  At  a  distance  of  about  two  miles  from  the  star 
tion  at  Jer[uetaia  (Cal^ada"),  on  passing  a  little  gully,  there 
are  seen  exposed  in  a  cutting  beds  of  a  loose-grained  sand- 
stone and  a  shale,  the  latter  being  of  a  greenish-graj  tint, 
and  very  finely  laminated,  but  too  much  decomposed  on  tlie 
surface  to  offer  anythuig  of  much  interest.      Tliese   beds 

*  T  have  to  thank  Mr.  Mowfj,  the  superliilcmieiit  of  (he  raih'oad,  for  a 
pass  ovei.  the  line,  aiid  Mesan.  Tiplady,  Turner,  and  Orecchi  for  mtmy  favors 
reccivcil  Jviiirig  the  excuision. 
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have  a  strike  of  about  nortlieaet,  as  near  as  I  could  make 
out,  and  a  dip  of  a  very  few  degrees  to  the  northwest. 

Going  oa  towards  the  long  bridge,  we  meet  no  beds  well 
exposed  in  the  railway  cuttings,  but  in  a  quite  deep  one  only 
a  short  distance  from  tlie  bridge  we  find  thick  beds  of  finely 
laminated,  dark-colored  shale,  much  decomposed,  in  which 
are  fossil  fishes  like  those  at  Monserrate,  together  with  a 
great  abundance  of  cyprids. 

Crossing  tlie  long  bridge,  tlie  land  on  tlie  opposite  side 
becomes  much  higher  and  more  irregular,  and  tliere  aire 
some  heavy  cuttings,  in  which,  as  well  as  on  the  sea-shore 
at  low  tide,  the  rocks  are  very  well  exposed.  Tliese  consist 
of  alternate  beds  of  conglomerate  and  dai'k  shale,  with 
occasional  layers  of  sandstone,  which  have  an  average  strilie 
of  N.  60°  E.  and  a  dip  of  30"  ±  N.  W. 

The  surface  of  the  beds  of  shale,  expt^ed  on  the  shore  be- 
tween tides,  is  very  much  burrowed  into  by  a  marine  worm, 
which  excavates  a  tube  that  enters  the  shale  perpendicularly 
to  the  depth  of  an  inch  or  more,  and  then,  bending  romid 
rather  abruptly,  comes  to  the  surface  again.  A  little  crab 
also  burrows  into  the  shale  in  places,  making  deep  tubes, 
whose  sides  are  coiTugated  after  a  manner  that  makes  tliem 
resemble  tlie  empty  moulds  of  fossil  stems  of  plants  or 
corals,  and  tliey  are  well  calculated  to  puzzle  an  observer, 
who  did  not  know  how  they  were  formed. 

The  decomposed  shale  has  been  used  in  the  works  of  the 
Bahia  Steam  Navigation  Company  at  Itapagipe  as  a  fire 
clay,  and  Mr.  Ford,  the  chief  engineer,  —  to  whom,  by  the 
way,  I  am  indebted  for  many  kindnesses,  —  assured  me  that 
it  answered  well  for  that  purpose. 

In  the  cutting  at  Plataforma,  which  is  a  very  heavy  one, 
there  is  seen  a  thick  bed  of  shale  with  occasional  bands  of 
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sandstone,  affording  fossil  fisli,  and  cyprids,  over  which  lies 
a  heavy  bed  of  conglomerate.  This  is  composed  of  frag- 
ments of  the  principal  rocka  of  tlie  neighborhood,  presenting 
the  same  appearance  as  that  of  the  heds  whence  they  were 
derived.  Tlie  pehbles  of  this  conglomerate,  mostly  of 
quartz  and  giieias,  are  of  all  sizes,  even  up  to  eighteen  or 
twenty  inches  in  diameter.  They  are  but  slightly  rounded, 
and  are  more  or  less  angular.  It  appears  to  be  a  deposit 
rapidly  accumulated,  and  from  its  hardness  it  now  fonus 
quite  a  high  ridge.  This  conglomerate  is  a  massive  bed, 
showing  in  itself  few  traeas  of  stratification.  It  has  afforded 
a  few  reptilian  bones.  The  same  bed  makes  its  appearance 
on  the  shore  at  low  tide,  where  it  may  be  examined.  All 
these  beds  are  well  displayed  on  the  shore,  the  whole  dis- 
tance from  Flataforma  to  tlie  little  bay  of  Periperf,  and,  as 
the  strike  of  the  beds  is  tangental  to  the  curve  of  the  shore 
between  tliese  two  places,  and  their  dip  is  away  from  the 
shore,  tliey  may  be  examined  both  in  ascending  and  de- 
scending series,  and  over  a  considerable  area.  Above 
water-mark  disintegration  makes  their  examination  very 
unsatisfactory.  Below  that  line  it  has  not  obtained  to  so 
large  an  extent,  and,  save  a  thin  coating  of  half-decomposed 
material  on  the  surface,  the  rocks  are  nearly  in  their  nat- 
ural state. 

About  a  half-mile  from  Flataforma,  and  where  the  rail- 
road passes  close  to  the  water's  edge,  there  is  exposed  in  one 
place  a  section  like  tliat  on  the  opposite  page,  of  which  the 
height  is  about  ten  feet. 

In  many  of  the  other  beds,  especially  in  those  which  are 
finer  m  character,  reptilian  and  other  remains  are  quite  abun- 
dant ;  but,  owing  to  tlie  compactness  of  the  rock,  tliey  are 
difficult  to  extract.     These  fossils  consist  in  spines  of  fish. 
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apparently  different  from  tlie  species  foond  at  Monserrate* 
It  is  worthy  of  remark  that  tliis  shale,  as  well  as  some  of 
the  other  rocks  of  this  series,  are  bituminous  as  well  as  cal- 
careous. 

Tlie  reptilian  remains  from  Plataforma  and  Monserrate  I 
placed  in  the  hands  of  Professor  0,  C.  Marsh  of  Yale  Col- 
lege for  description.  The  following  with  a  few  unimportant 
omissions  is  a  notice  of  them  published  by  him  in  the  Amer- 
ican Journal  of  Science  and  Ai'ts,  Vol.  XLVIL,  May, 
1869 :  — 

"  The  most  iatereatiiig  of  the  reptilian  remH,ins  collected  by  Prc- 

*  Seveml  fragments  of  the  jaws  of  fishes  have  been  found.  One  of  these, 
the  right  ramus  of  the  lower  jaw  of  a  little  Piiodus,  hud  the  minute  ahot- 
lilio  tflalh  preserved.  All  the  fish  remainB  from  this  locality  are  in  the  hands 
of  Professor  Agassiz.  I  regret  thnl  his  illness  prevents  Iiiiii  from  finnisliing 
desrriytiona  of  them  i'or  this  work. 
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fossor  Rartt  in  the  Bahia  deposit  is  the  tootli  of  a,  large  Croco- 
dilian, from  the  arenaceous  shale  near  Plataforma  station,  on  the 
Bahia  railroad.  This  specimen  is  in  an  excellent  state  of  preser- 
vation, and  indicates  a  epeoies  new  to  science.  It  is  larger,  more 
slender,  and  more  pointed  than  the  teeth  of  existing  crocodiles, 
resemhling  most  nearly  thoso  of  some  extinct  American  species. 
It  is  conical  in  form,  round  at  the  base,  and  slightly  comprGseed 
at  the  apex.  The  crown  is  two  inches  and  three  lines  in  length, 
along  the  outer  side,  and  tea  lines  in  diameter  at  the  base.  One 
edge  is  somewhat  more  convex  than  the  other,  and  this  is  also 
true  of  one  of  the  sides,  and  hence  the  tooth  appears  slightly 
curved  in  two  directions.  On  either  edge  of  the  crown  there  is 
a  sharp  ridge,  most  prominent  near  the  apex,  over  which  it  passes, 
but  gradually  disappearing  before  reaehiug  the  base,  resemhhng  in 
this  respect  the  teeth  of  Tkoracosav/rus,  from  which,  however,  this 
specimen  differs  in  being  longer,  and  less  curved  than  the  teeth  of 
that  genus  usually  are.  The  sides  of  the  crown  are  covered  with 
fine,  interrnpted,  undulating  strife,  which  appear  to  be  different 
Irom  the  dental  sculpture  of  the  Crocodilia  hitherto  described. 
These  strite  are  most  distinct  near  the  middle  of  the  tooth,  be- 
coming much  more  delicate  at  the  base,  and  nearly  obliterated  at 
the  apex. 

"  lu  size  and  general  appearance,  this  specimen  resembles  some- 
what the  teeth  of  C'rocodilus  antiqwiis  Leidy,  from  the  Miocene  of 
Virginia,  but  differs  from  that  species  in  being  leas  tapering,  and 
in  having  the  ridge  on  the  edges  extend  ferther  downward.  It  re- 
sembles still  more  closely  the  teeth  of  a  new  species  of  crocodile 
discovered  by  the  writer  at  Squankum,  H"  J ,  in  the  tertiary 
green-sand,  which  will  soon  be  more  fnllv  described  under  the 
name  Tliecocarapga  Sgiiankeneu  Mirsh  Both  species  have  essen- 
tially the  same  proportions,  and  similar  dental  ^trise,  but  the  cut- 
ting ridge  of  the  New  Jersey  specimens  is  more  prominent,  and 
extends  nearly  or  quite  to  the  base  of  the  crown.  The  two  species 
were  apparently  about  the  same  size,  both  being  considerably 
larger  than  existing  Crocodiliana. 
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"  Other  parts  of  the  skeleton  of  the  Brazilian  species  would  per- 
haja  show  generic  chai'actera  to  distinguisb  it  from  the  modern 
proMelian  crocodiles,  but  in  the  absence  of  these,  it  may  for  the 
present  be  placed  in  the  same  genus.  Its  form,  cutting  edges,  and 
especially  its  peculiar  strise,  readily  diBtinguish  it  from  any  species 
■with  which  it  is  liable  to  be  confounded,  and  it  may  appropriately 
be  named  Grocodilvs  Harttii,  in  honor  of  its  discoverer,  whose 
recent  researches  have  thrown  so  much  light  on  the  geology  of 
Brazil. 

"  Several  specimens  of  reptilian  teeth  collected  by  Mr.  Allport 
at  Montserrate,  a  locality  in  the  same  deposit  about  two  miles 
southwest  of  Plataforma  station,  evidently  belong  to  this  species, 
aa  the  illustrations  accompanying  his  paper  (Plate  xvi.,  figures  1, 
2,  3,  and  5)  clearly  indicate.  The  explanation  of  the  plate  refers 
to  the  specimens  as,  '  Teeth  of  crocodile  with  delicately  wrinkled 
surface,'  but  no  further  description  is  given. 

"Ill  the  same  paper  Mr.  Allport  has  given  figures  of  several 
Crocodilian  teeth  from  the  localities  at  Plataforma  and  Montser- 
rate, which  are  quite  difi'erent  from  those  above  described.  These 
are  represented  in  Plate  xv,,  figure  5,  and  Plate  svi.,  figures  4,  6, 
7,  and  8,  and  are  referred  to  on  page  368  as,  '  Teeth  of  crocodile 
with  strong  continuous  strise,  and  coarse  riblets.'  These  speci- 
mens, taken  in  connection  with  some  imperfect  remiuns  in  the 
collection  made  by  Professor  Hartt,  indicate  the  existence  in  this 
deptffiit  of  a  second  and  smaller  species  of  Crocodile,  probably 
allied  to  the  modern  gavials.  The  teeth  are  not  so  large  as  those 
of  Croeodihia  Harttii,  and  are  more  tapering  and  more  curved. 
They  also  differ  widely  in  the  strire  and  lateral  folds.  These  spe- 
cimens may  provisionally  be  referred  to  the  genus  Thoracosaurua, 
and,  aa  the  species  is  evidently  new,  it  may  be  called  T.  Bahiensis. 

"  An  interesting  fossil,  found  by  Profea^or  Hartt  at  Plataforma 
station,  is  a  fragment  of  a  bone,  evidently  reptihan,  but  the  exact 
affinities  of  which  it  is  difficult  to  determine  from  this  specimen 
alone.     It  resembles  in  some  respects  the  extremity  nf  an  ulna, 
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but  after  a  careful  comparison  the  writer  is  inclined  to  o 
the  proximal  end  of  a  rib.  It  is  much  flattened  at  the  articular 
extremitj,  and  tapers  gradually  to  the  broken  end,  which  is  some- 
what triangular  in  outline.  Its  length  is  about  four  inches,  the 
transverse  diameter  of  the  perfect  end  two  and  a  hidf  inches,  and 
of  the  other,  one  and  a  quarter  inchea.  The  larger  extremity  is 
divided  into  two  articular  facets  lying  oblique  to  each  other,  the 
smaller  one  being  elevated  about  half  an  inch  above  the  other,  and 
covering  lather  more  than  a  thitd  ot  the  entire  teimmal  surface 
In  foim  and  general  proportions  this  sj  crimen  i?  not  unliko  the 
upper  end  of  a  ri^ht  dotsol  lib  of  some  of  the  amphiccehan  cioc 
odiles  especially  a  nb  m  which  the  he^d  anl  tuberde  have  so 
clo'iely  appiodched  e\ch  other  that  then  articiilai  surfaL.e3  are 
neitlj  confluent  The  size  and  othei  chaiacteis  of  the  spe  men, 
howevei  seem  to  exclude  it  fiom  thit  order  and  it  probably  be- 
linked  to  1  Din  siuiiin  reptde  pos^  bly  the  same  as  a  laige 
vertebra  from  Monseirate  which  Mr  Allport  h^red  in  his  paper 
in  Plate  xvii  and  which  Professor  Owen  suggested  might  piove  to 
be  allied  to  Mejalo-,aurus 

"  The  only  other  specimen  in  th  11  t  n  tl  at  n  ed  be  par- 
ticularly mentioned  here  is  a  ai  11  fl  t  b  n  ah  ut  tw  inches  in 
length,  with  one  articular  ext  ty  p  -t  lly  i  n  d.  This 
appears  to  resemble  most  nea  1  tl  e  fll  la  fat  rtoise,  and 
probably  should  be  referred  to  th  t      oup    f      ptd  n 

I  have  not  yet  obsei-ved  at  this  point  any  of  the  species  of 
Melania  and  Yivipara  of  Monserrate.  In  some  of  the  beds, 
however,  a  minute  gasteropod  is  very  abundant,  and  a  tuiio- 
like  shell  also  occurs,  tlioiigh  somewhat  rarely.  These, 
with  the  eatherians,  point  to  a  fresh-water  origin  for  these 
beds,  while  the  alternations  of  shales  with  sandstones  and 
conglomerates  show  that  there  were  intervals  of  quiet  depo- 
sition of  fine  material  with  times  when  currents  spread 
coarse  material  over  their  surface. 
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Tliia  locality,  to  a  patient  and  painataliing  collector,  would 
yield  a  fine  harvest. 

From  Periperi  to  Matto  de  SSo  JoSo  I  went  over  the  rail- 
road several  times  both  by  cars  and  with  a  trolly ;  but  I 
have  had  an  opportunity  of  examining  a  few  points  between 
these  two  stations,  and  with  the  aid  of  the  information  of 
my  friend,  Mr.  Tiplady,  the  engineer  of  the  first  section  of 
the  railroad,  and  to  whom  I  am  much  indebted  for  aid  and 
hospitality,  I  am  able  to  give  the  following  obseiTations, 

At  the  tunnel  at  Periper?  the  rocks  consist  of  sliale  and 
sandstone,  with  a  slight  northward  dip,  and  contain  but  few 
fossils. 

Between  Olaria  and  Mapelle  stations  there  are  heavy  beds 
of  shale  and  sandstone,  Uie  latter  a  rather  soft,  bluish  kind, 
wliich  is  quai'ried  for  building  pui'poses  along  the  railway. 
It  IS  not  \ery  durable,  as  it  weatheis  leiy  lapidly  Fossils 
aie  veiy  rare  m  it  Tlie  tunnel  at  Mapelle  is  throUi^h  shale, 
the  dip  being  nortliwaid  and  sliglit 

At  a  place  cilled  Cotigipc  between  Mapelle  and  tlie  nest 
station,  Agui  Compiida,  thick  beds  ol  shale  and  conglom- 
eiitc  aio  uut  tliiough 


In  the  shale  of  bed,  a,  of  the  above  diagram,  whicli  varies 
much  in  chai'acter  from  a  thin,  soft,  black,  almost  papyra- 
ceous shale  to  a  coarser  greenish  variety,  fish  remains  and 
perfect  fishes  are  quite  common,  but  they  appear  to  be  of 
the  same  species  that  is  found  at  Monserrate ;  together  with 
these  occur  bones  and  teeth  of  reptiles,  and  an  abundance 
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of  cypricla.  I  have  collected  nothing  from  the  conglom- 
erates. The  dip  of  tlie  beds  is  northeast,  at  a  small  angle. 
Thus  far  the  country  has  been  irregular,  tlie  hills  heing 
rather  angular  In  tlieir  outline,  and  presenting  altogether 
different  topographical  features  from  those  of  the  gneiss 
regions.  The  cretaceous  hills  here  are  generally  round 
topped,  with  long  slopes. 

Passing  Agua  Comprida,  at  Sapucaia,  tliere  are  several 
cuttings  through  shale,  and  here  wo  find  tlie  conglomerate 
in  the  hills  on  the  west  side  of  t!ie  road.  Farther  on  no 
more  of  this  rock  is  seen  on  the  line.  At  Moritiba  are 
found  beds  of  sandstone  of  the  same  series,  but  their  dip, 
according  to  Mr.  Tiplady,  is  soutli.  There  ai'e  here  some 
horizontal  beds  of  pinkish  sands  of  a  much  later  formation. 
Cutting  No.  82,  not  far  from  Moritiba,  is  through  a  heavy 
bed  of  red  clayey  sand,  sometimes  used  for  moulding  in  the 
railroad  foundry  at  Periperi.  This  bed  is  quite  horizontal, 
and  appears  to  belong  to  the  same  series  aa  the  sands  to 
be  described  farther  on. 

Just  before  reaching  the  Rio  Johannes  there  is  a  cutting 
through  decomposed  gneiss.  Mr.  Tiplady  informed  me 
that  in  the  river-bed,  a  few  rods  above  the  railroad,  the 
gneiss  is  exposed,  while  the  rocks  below  the  railroad  are 
sandstones.  In  tliis  vicinity  tlie  hills  are  rounded  and  more 
or  less  dome-shaped,  yet  not  more  than  two  to  three  hun- 
dred feet  high ;  but  in  going  on  towards  Parafuso  they 
become  lower,  and  the  surface  is  rolling.  At  Parafuso 
tliere  is  a  long,  low  cutting,  in  which  I  made  the  following 
section. 
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The  lower  bed  conaiats  of  a  soft,  yellowisli  sandstone, 
with  beautiful  oblique  lamination.  I  have  looked  long  and 
carefully  in  ttiis  and  other  similar  localities  for  foasila  in 
these  sandstones,  but  without  success.  Over  this  bed, 
which  is  quite  horizontal,  lies  a  thin  sheet  of  hard,  red 
iron-atone,  and  over  this  a  bed  of  clay  and  pebbles. 

In  cuttings  8,  9,  and  10  of  the  Third  Section,  which  are 
tlirough  long  and  low  banks,  are  seen  similai-  beds  of  light 
pink-colored  sand,  slightly  consolidated,  and  showing  beau- 
tiful false  bedding. 

At  Oamassari  I  spent  several  hours  in  an  examination  of 
tlie  vicinity.  The  station  stands  on  a  plain  composed  of  the 
sands  just  described,  over  the  surface  of  which  is  spread  a 
sheet  of  clayey  gray  or  white  sand,  often  containing  pebbles 
and  broken  pieces  of  rock.  In  the  vicinity  are  a  few  low 
hills,  composed  of  beds  of  arenaceous  pinkish  and  white- 
mottled  clays,  and  sandstones  which  vary  much  in  charac- 
ter, being  sometimes  soft  and  pinkish  in  color,  while  at 
otiiers  they  are  cemented  by  fenic  oxide,  dark  red,  and  very 
hard.  These  beds  ai'e  horizontal  and  very  thick,  and  be- 
long to  the  great  coast  tei'tiaiy  formation.  In  some  places 
they  lie  in  an  unbroken  sheet,  except  by  rivers,  forming  very 
extensive  elevafed  plains,  like  the  sertSes  and  chapadas  of 
SSo  Matheos,  the  Mucuiy,  and  elsewhere  along  the  coast ; 
but  sometimes,  as  on  the  Baliia  Railroad,  they  are  denuded 
in  such  a  way  as  to  form  deep  and  wide  valleys,  in  which 
stand  isolated  hills  that  rise  abruptly  from,  or  rather  pierce 
through,  the  thick  beds  of  sands  and  clays  formed  from 
their  dSbris,  and  which  occupy  the  bottom  of  the  valley. 
In  the  denudation  of  these  horizontal  tertiary  beds  tlie  ten- 
dency is  to  form,  at  first,  a  mass  with  a  fiat  top,  and  sides 
steep  and  abrupt,  as  represented  in  the  following  diagram. 
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Such  is  tlie  character  of  the  slopes  that  border  valleys. 
These  are  rarely  perpendicular,  and  are  almost  always 
covered  by  vegetation.  When,  however,  the  sea  or  a  river 
washes  the  foot  of  a  slope,  it  is  always  perpendicular ;  as 
is  tlie  case  witli  the  red  clay  cliffs,  which  at  intci-vals  gird 
the  shore  of  Brazil,  from  the  Amazonaa  to  Rio.  As  the 
valleys  widen  and  approach  one  anotlier,  the  hills  preserve 
the  same  topographical  features,  and  we  may  find  all  grada- 
tions between  the  broad  chapada,  the  narrow  hill  with  its 
flat  top,  and  the  roof-shaped  or  conical  hili.  These  de- 
tached hills  are  called  oileiros,  or  taboleiros.  At  Camassarf 
the  topography  of  these  hills  may  be  easily  examined.  The 
valley  here  is  quite  wide,  and  there  are  a  great  many  small 
scattered  hills,  that  rise  like  islands  from  tlie  plain.  I  ob- 
sei-ved  that  most  of  the  hills  had  rather  a  long  smooth  slope 
to  tlie  east,  and  an  abrupt  one  to  the  west.  The  hills 
are  covered  thickly  with  fragments  of  rocks.  Tliis  seems 
a  little  singular,  because  it  is  not  owing  to  the  dip  of  the 
beds,  for,  as  already  said,  they  are  horizontal.  I  have 
questioned  whether  it  might  not  be  in  some  way  due  to 
glacial  action.  The  whole  hill,  in  every  case,  was  once 
covered  witli  a  sheet  of  clay  and  fragments  of  rock,  as  I 
shall  describe  more  fully  hereafter.  The  finer  materials  of 
this  superficial  coating  have  been  washed  from  the  steeper 
slope,  leaving  tlie  coarser  masses  behind,  while  on  the  long 
slope  these  last  still  lie  buried  below  the  surface.  Tlie 
sands  occupying  the  valleys  are  not  deposited  horizontally, 
but  form  a  series  of  sand-banks  sloping  more  or  less  gradu- 
ally toward  the  middle  of  the  valley.     The  surface  is  not  a 
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plain,  but  rolling.  Tke  following  is  the  outline  of  tlie 
country  across  tlie  bills  from  Camassari  station,  going 
west  for  a  little  more  than  a  mile.  It  is  intended  to  show 
the  topographical  features  of  the  older  tertiary  hiEs  and 
sand  plains. 


Wliile  at  Camassari  station  a  man  brought  in  a  mule-load 
of  "  Tabatiiiga,"  *  or  pure  milk-white  feldspatbic  clay,  which 
be  said  came  from  not  far  off,  probably  from  a  bed  inter- 
stratified  with  the  sands.  The  material  is  exceedingly 
fine  and  chalky,  and  becomes  a  pure  white  clay  on  wetting. 
It  is  used  instead  of  lime  for  whitewashhig  walls.  This 
Tabatinga  clay  is  also  found  in  the  tertiary  beds  of  tlie 
coast,  where  it  is  often  pinkish  or  yellowish  in  color.  I 
had  observed  the  same  material,  as  a  cement  to  the  super- 
ficial sands  and  gravel,  in  tlie  cuttings  in  the  vicinity  of 


Leaving  Camassarf  and  crossing  the  taboleiros  f  one  soon 
enters  tlie  hills,  which  are  one  hundred  and  fifty  feet  or 
more  in  height,  composed  of  the  tertiary  sandstone  and  clays 
above  described,  and  have  some  of  their  sides  strown  with 
large  blocks  of  the  red  sandstone.  A  long  cutting  through 
a  heavy  bed  of  quartz  gravel,  of  which  the  cement  appears 
to  be  sand  and  clay,  is  soon  reached,  and  one  then  goes 
on  to  another  sand  plain,  which  is  more  extensive  tiian 

*  This  wovd  is  of  Tupf  origin,  and  is  derived  from  the  two  worda,  Taud, 
olaj,  and  litiga,  white.    Tabatinga  is  «,  corruption. 
t  This  word  is  also  applied  to  the  plains. 
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that  first  described.  Another  bed  of  gravel  is  seen  at  a 
place  called  Embira  Branca,  and  farther  on,  when  fairly 
out  on  tlie  taboleiros,  at  a  place  called  As  Pedras,  there 
is  what  appeal's  to  be  an  old  beach,  composed  of  rounded 
quartz  pebbles,  filled  in  witli  snow-white  sand.  The  beach 
19  irregular  in  outline,  and  presents  many  projecting  points. 
The  surface  of  the  sand,  which  is  almost  level,  abuts  against 
tliis  gravel  bank,  and  lies  in  the  indentations  in  its  outline, 
like  a  sheet  of  water.  Just  here  this  gravel  is  naked,  but 
not  far  distant  it  is  covered  by  a  dai'k  grayish  soil,  similar 
to  that  which  covers  the  taboleiros.  It  appears  to  have 
been  washed  off  here. 


A  little  farther  on  wo  find  a  cutting  in  which  ; 
gravel  is  seen  overlying  tlie  sand. 


cap  of 


Thence  to  the  river  Imbugahf  tlio  land  slopes  very  grad- 
ually, and  for  miles  on  each  side  of  tlie  railroad  is  remark- 
bly  even,  being  interrupted  only  by  the  isolated  tertiary 
hills  that  show  themselves  above  the  surface  of  the  sands. 
From  the  Imbu^ahi  to  Feira  Velha  tlie  sands  rise  with 
a  very  gentle  slope.  On  this  aide  they  are  bounded  by 
tertiary  hills  and  chapadas,  some  of  which  are  roof-shaped 
ridges. 
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Both  at  Camassai't  and  on  tlie  Imbugahi  the  sands  ai'e 
barren,  and  form  sUghtlj  rolling  plains,  supporting  only 
a  scanty  vegetation,  which  consists  of  several  species  of 
grasaes,  and  a  multitude  of  small  flowering  plants.  Trees 
are  very  few.  In  the  lower  grounds,  where  moisture  gath- 
ers, and  where  there  are  in  some  places  streams,  a  long 
coarse  grass  grows  moat  luxuriantly.  A.  quarter  of  a  mile 
south  of  the  Irabu^alii  is  such  a  grass-covered  area,  and 
here  excavations  by  the  side  of  tlie  railroad  show  tliat  a  bed 
of  peat  has  accumulated,  which  is  two  feet  tliick  in  some 
places. 

Lea™ig  the  taboleiros  we  enter  a  valley  among  ilic  hills, 
which  are  at  fii'st  low,  but  become  higher  farther  on.  They 
belong  to  tlie  tertiary  series,  are  often  very  irregular  in  shape, 
and  about  350  feet  in  relative  height.  As  we  go  up  the  valley 
it  narrows  more  and  more.  The  bottom  is  occupied  by  beds 
of  sands  and  clays,  which  form  a  series  of  undulations 
whose  outlines  are  in  contrast  with  those  of  the  bordering 
hills,  as  exhibited  in  the  following  diagram. 


a.  Tertiflvy  clays  and  sandstonea,  b.  Sands. 

In  order  to  illustrate  the  structure  of  tliese  lower  grounds, 
I  will  describe  what  is  seen  in  a  number  of  railway  escava^ 
tiona  in  this  valley. 

Two  cuttings  towards  Baliia  of  a  cutting  called  Jacu- 
merim,  the  road  just  pares  away  the  southern  side  of  a 
low  hill,  about  twenty-five  to  thirty  feet  high,  as  seen  in 
the  following  sketch. 


d  by  Google 


GEOLOGY    AND    PHYSICAL    GEOGBAPliT. 


This  hill  is  cniiiposed  of  sand,  which  is  exposed  for  a 
depth  of  twenty  feet.  The  same  material  forms  the  lower 
ground  along'^ide.  The  hills  in  the  backgi-omid  are  com- 
posed of  the  tertiary  clays  and  saiida.  Tlie  most  intei'est- 
ing  feature  exhibited  in  this  section  is  a  sheet  of  fragments 
of  red  sandstone  from  tlie  tertiary  hills  extending  under 
the  soil  over  the  surface  of  the  sands,  not  only  on  the  low 
ground,  but  also  over  the  whole  hill. 

The  following  cut  represents  a  section  across  this  same 
hill,  but  at  right  angles  to  the  first.     The  boulders  of  sand- 


stone are  here  seen  scattered  over  the  low  flat  by  tiie  side 
of  the  railroad.  These  boulders  must  have  come  from  the 
adjacent  tertiary  hiUs. 

Going  up  the  road  we  soon  come  to  another  cutting  in 
which  a  sheet  of  gravel  overlying  a  bed  of  yellow  sands  is 
exposed,  as  seen  in  diagram  on  preceding  page.  This  gravel 
consists  of  large,  well-rounded  pebbles  of  quartz  or  decom- 
posed syenite,  with  a  white  paste.  In  the  next  cutting, 
Jacumerim,  we  see  tlic  following  section. 
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The  pebbles  iii  tl  o  1  1    i  1    sc 

just  descnbed.  They  aie  ^ei}  laige,  the  iiiatuul  bomg 
rather  a  coarse  shingle,  and  they  are  very  closely  packed. 
Over  tliis  elevation,  as  in  the  otlier,  is  still  seen  the  layer 
of  broken  pieces  of  sandstone,  and  the  same  may  be  exam- 
ined in  the  next  cutting,  which  is  a  very  instructive  one. 


a.  Fine  briek-red  olayoy  sand,  in  a< 
tobemonldecl;  in  others  rery  clayey. 

i.  Whitish  and  yelloivish  sand. 

0.  Soft  white  saiids,  no  conEistanoy  under  preeaurc.  A  thin  streak  or  two  in  (lie 
lower  part  of  tils  bed  is  c<m80lidat«d. 

li  Wliifo  OT  reddish  siinds. 

e.  An  ivregular  mass  of  boulders,  of  dark  red  tertiary  aandstono,  some  of  whitih 
are  three  to  fonr  feet  in  diajnatsr. 

In  this  diagram  the  dip  is  exaggerated.  At  the  post 
marking  ten  leagues  from  the  city  of  Ealiia  is  a  long  low 
cutting,  and  in  a  trench  by  the  roadside  a  stiff  sandy  clay, 
mottled  with  dark  red  and  white,  and  overlaid  by  a  dark 
brown  sandy  soil. 

Between  this  point  and  Matta  station  there  is  much 
swampy  ground  bordering  the  road  at  intervals,  and  on  this 
great  numbers  of  piassaba  palms  grow. 
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A  very  interesting  section  occurs  in  a  cut  about  a  mile 
and  a  half  below  Matta  station,  Tlie  gravel  sheet  here  is 
very  tliiclc,  —  ten  feet,  more  or  less,*  —  and  ia  irregularly  and 
obliquely  sti'atified,  and  mixed  with  layers  of  sand,  as  if  the 
whole  had  been  laid  down  by  a  current  coming  from  the  north. 
The  sheet  is  very  irregular,  and  Tories  much  in  tliickness. 

Matta  station,  and  the  village  of  Matta  de  SSo  Joao,  are 
situated  on  a  plain,  formed  by  the  widening  of  the  valley 
which  the  railroad  follows.  The  tertiary  liills  still  border 
it,  and  these  are,  in  some  cases,  much  denuded. 

Above  Matta,  at  tlie  cutting  at  the  fazenda  of  Coronel  Si- 
puda,  there  is  a  decayed,  iine-grained  sandstone  or  arenaceous 
shale  seen,  probably  cretaceous,  and  thence  on  to  Pitanga 
station,  rocks  of  tlie  same  general  character.  Just  below 
the  station  at  Pitanga  I  made  the  following  section. 


o    Sindai  ne. 

h     Shale  sliglitlj-  nrenaceous. 

c  Shale  very  argQlaoeoue,  and  so  soft  aa  to  be  eiisily  moulded  by  the  hoiitl.  Da- 
oomposed  it  is  of  a  gray  or  light  slata-color,  with  bright  red  piitohas.  It  oontains 
appnientlj  the  sama  EatheriflQ  found  at  Fojuca  tunnel,  to  be  presently  deseribsd. 

dtaiH  t    Shala  deoomposirg  yellow  and  red. 

/    bandstona!  soft  end  Ochre  yellow. 

g    Shale  laoomposed  to  a  pink  and  white  clay. 

k.   "^indatone. 

k  Layer  of  ooiicrationary  iron-atoiie  a  foot  or  two  in  thickness.  Tho  surface  is 
very  uregular  and  eome  of  the  projecting  knobs  bave  a  sort  of  septaria  structure. 

m    White  sandstone. 

n.  Layer  of  Iron-stone. 

0.  Whits  tabatinga,  with  red  iron-stone  nodules. 

p.   Decomposed  shale. 

g.   Sandstone  (soft).    The  dip  is  exaggerated  in  this  section. 

The  railroad  here  skirts  a  flat  along  which  flows  the  Eio 
*  I  have  omitted  to  note  it  exactly. 
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Pitanga,  whioli  a  short  distance  below  the  station  expands 
into  a  lai'ge  pond.  At  the  head  of  this  pond  I  found  a 
gentleman  with  six  men  washing  for  diamonds.  An  ex- 
cavation several  yards  square  had  been  made  in  the  flat 
alluvial  ground.  The  lowest  stratum  seen  was  a  stiff  blue 
clay,  called  hy  the  miners  pizarra,  over  this  was  a  sheet  of 
a  few  inches  in  thickness  of  cascalho,  or  gravel  composed 
principally  of  quartz  and  fragments  of  the  different  rocks  of 
the  neighborhood,  this  cascalho  being  mixed  witli  a  mottled 
reddish  clay.  This  was  the  stratum  from  which  the  diamonds 
were  washed.  Over  the  cascalho  was  a  thin  stratum  of  clay. 
The  washers  were  seated  on  benches  level  with  the  water  of 
a  little  pond ;  a  portion  of  the  gravel  was  thrown  into  a 
large  shallow  wooden  pan,  water  was  mixed  with  it,  and 
the  pan  witli  its  contents  was  whirled  about  on  the  surface 
of  the  pond,  the  muddy  water  being  allowed  to  escape  until 
only  tlie  gravel  and  sand  remained.  This  was  now  placed 
in  a  sort  of  sieve,  the  bottom  of  which  was  made  of  copper, 
pierced  witli  round  holes  about  an  inch  in  diameter,  which 
allowed  all  the  little  pebbles  and  sand  to  pass  through. 
Not  long  since,  at  one  of  the  Brazilian  diamond  washings, 
a  diamond  too  large  to  pass  through  the  openings  of  the 
sieve  was  found  in  the  heap  of  coarse  refuse.  It  had 
been  picked  up  by  a  child  as  a  plaything.  After  n-ashing, 
the  pebbles  are  picked  out,  when  the  overseer,  looking 
carefully  over  the  sand,  selects  the  diamonds  with  ease, 
should  there  be  any ;  but  during  the  weeks  which  they 
washed  at  Pitanga  only  five  minute  stones  had  been  found. 
A  few  years  ago  quite  extensive  washings  were  cari'ied 
on  beside  tlie  river  nearer  the  station,  and  a  large  nimi- 
ber  of  fine  stones  were  discovered ;  but  the  owner  of  the 
land  has  i>ut  a  stop  to  further  operations.     On  tlie  west  side 
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of  the  railroad  I  visited  some  other  old  washings,  from 
which  diamonds  had  been  obtained.  I  found  tliat  they  had 
been  dug  from  the  cascalho  or  gravel  sheet  on  the  slope  of 
the  hiU  near  the  river,  which  gravel  was  covered  with  the 
common  red  driffc-clay  of  the  vicinity.  I  take  this  grave!  to 
be  drift.  The  diamonds  appear  to  me  to  come  from  the 
tei'tiary  beds  of  the  neighboring  hills,  and  tliis  seems  to 
be  tlie  opinion  of  Mr.  Nicolay,  who  shows  that  tlie  diamonds 
of  tlie  Chapada  Diamantina  come  from  a  conglomerate  and 
sandstone,  which,  from  his  descriptions  and  specimens,  ap- 
pears to  be  a  tertiary  rock  of  the  same  kind  as  that  which 
forms  the  chapadas  of  tlie  valley  of  the  Jequitinhonha.  Mr. 
Nicolay  says  that  the  cascalho  in  the  vicinity  of  Baliia  dif- 
fers ffom  tliat  of  the  chapada,  in  that  it  is  more  siliceous 
and  less  metaliferous.  There  is  no  Itacolumite  in  the 
vicinity  of  Pitanga.  The  gravel  is  made  up  principally  of 
fragments  of  quartz  and  of  pebbles  of  a  sandstone  like  that 
of  the  tertiary  chapada,  though  somewhat  harder  than  fclie 
kind  usually  seen  along  tlie  road,  I  do  not  believe  that  the 
diamond  ever  occurs  in  the  true  paleeozoic  Itacolumite  in 
Brazil,  but  that  it  is  derived  from  the  tertiary  sandstones. 

At  a  sugar  fazenda  beyond  Pitanga  tlicre  is  a  cutting 
under  a  bridge  across  the  railroad,  and  in  a  gully  made  by 
the  rain  I  foimd  a  shale  full  of  cypris,  and  evidently  creta- 
ceous. The  beds  appear  to  be  horizontal,  or  witli  a  slight 
inclination  southward.  The  overlying  soil  here  is  red 
mottled  with  white. 

The  next  cuttings  are  not  very  satisfactory,  and  appear 
to  be  through  decomposed  sandstones  and  shales. 

I  introduce  a  sketch  here  to  give  some  idea  of  the  topog- 
raphy, and  of  the  general  appearance  of  the  tertiary  hills 
bordering  the  valley  on  the  west,  just  below  the  tunnel. 
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The  sindBtrne  which  to  some  extent  it  leibt  Jorms  the 
chipiilib  of  tlie  vicinity  is  a  somewhat  soft,  ciaise  grained, 
reildish  and  mottled  kind,  with  in  aigillaceous  cement  It 
has  bpen  occabionallj  used  on  the  lailioad  fot  building  pur- 
poses, but  it  cannot  be  veiy  durable 

A  ridge  crosses  the  railroad,  and  a  tunnel  ("  Pojuca  tun- 
nel") is  made  necessary.  This  ridge  runs  nearly  north- 
south,  and  is  composed  mainly  of  cretaceous  strata,  which, 
according  to  information  received  from  Mr.  Ti\rner,  en- 
gineer of  tliis  section  of  the  road,  have  a  high  westward  dip. 
In  tlie  cutting  at  the  eastern  entrance  to  tlie  tunnel  hori- 
zontal beds  of  a  soft  brown  sandstone  are  exposed,  and 
this  is  so  soft  as  to  be  easily  crumbled  by  the  hand.  In  this 
occurs  a  bed,  fifteen  centm.  in  tliickness,  of  a  yellow  clay 
(decomposed  shale  ?)  in  which  I  have  found  a  few  Esthe- 
rians.  The  stuff  thrown  out  of  the  tunnel  is  a  bright  bluish, 
very  soft  shale,  containing  fish  remains,  together  with  a 
finely  laminated  blue-gray  sandstone,  also  containing  fish 
remains  and  fragments  of  plants.  I  did  not  see  these 
strata  in  place. 
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In  the  cutting  at  the  western  entrance  110  thick  Leds  of 
shale  and  sandstone,  so  decomposed  that  then  (,haiat,ter 
cannot  ■well  be  determined.  The  strike,  as  near  as  I  could 
make  it  out,  is  N.  65°  E.  and  dip  73°  &  E  ,  but  it  is.  to  be 
remembered  that  Mr.  Turner  says  that  m  the  tunnel  tlie 
dip  is  W.  The  beds  of  tlie  tunnel  and  weBtein  entiance 
are  cretaceous,  I  think.  Tlioae  at  the  ea^t  end  appear  to 
overlie  the  cretaceous  beds  uneonformably,  and  may  be  tei 
tiary;  but  I  would  not  speak  positively,  on  acuount  of 
the  great  difficulty  of  recognizing  some  of  thL.s.e  rocks 
when  they  are  decomposed.  This  ridge  is  covered  witli  red 
drift. 

From  Pojuca  to  Sitio  Novo  I  have  been  over  the  road 
ill  the  train  several  times,  but  I  was  prevented  from  ex- 
amining tlie  rest  of  the  road  on  foot,  because  of  the  ram. 
From  Sitio  Novo  to  Alagoinhas  I  went  over  tlie  road  in  a 
trolly,  but  in  rain  and  under  unfavorable  circumstances. 
Soon  after  leaving  Pojuca  the  valley  becomes  narrower. 
The  railroad  follows  its  bottom,  so  that  there  are  no  rocks 
exposed,  and  the  cuttings  are  of  very  little  interest.  The 
low  lands  are  very  fertile,  and  are  here  and  there  covered 
by  forest,  though  they  are  planted  to  a  considerable  extent 
with  sugar-cane. 

As  for  the  lands  of  Bahia,  those  of  the  gneiss  are  fat, 
deep,  and  exceedingly  fertile ;  the  slopes  are  generally 
somewhat  steep,  and  in  the  southern  part  of  the  province 
they  are  favorable  for  coffee.  The  soils  of  flie  cretaceous 
along  tlie  railroad  are  rich ;  but  tlie  rains  make  fearful 
havoc  with  them,  carrymg  them  away  completely  after  a 
few  years  of  cultivation,  leaving  them  bari'en,  as  is  the 
case  over  large  tracts  along  the  railroad.  Of  tlie  low  lands, 
those  bordering  the  rivers  are  very  fertile.     The   tertiaiy 
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high  lands  are  eometimes  valuable  on  the  slopes,  but  above, 
as  a  general  tiling,  they  are  dry  and  barren.  The  taboleiros 
are  useless,  except  for  gracing.  Immense  tracts  along  the 
mlroad  are  allowed  to  grow  up  with  the  piaasaba  palm. 
Considerable  difficulty  has  been  experienced  by  the  engi- 
neers, in  different  parts  of  the  road,  from  tlie  instability 
of  tlie  rocks,  and  the  liability  of  their  sliding  on  one 
another,  especially  when  the  shale  beds  become  wot.  In 
one  case,  where  the  beds  dipped  witli  the  slope  of  a  hill 
toward  the  railway,  the  upper  beds  over  a  considerable 
area  slid  down  some  distance,  throwing  the  track  out  of 
shape. 

The  Pojuca  tunnel  caved  in  from  the  same  reason,  about 
two  years  ago.  Some  distance  south  of  Alagomhaa  the 
valley  opens  out  and  an  extensive  series  of  taboleiros  is 
reached,  in  the  middle  of  which  is  the  station  of  Alagoin- 
has.  I  made  a  long  dHov/r  over  ttiese  taboleiros  on  foot, 
and  foimd  tliem  to  be  essentially  like  those  at  Camassari, 
Tliey  were  great,  gently  undulating  plains  of  sand,  scat- 
tered about  over  which  were  irregular  isolated  hills  of  tlie 
horizontal  tertiary  clays  and  sandstones.  The  cutting  at 
the  terminus  of  the  railroad  is  a  long  one,  about  five  feet 
deep,  thi'ough  white  clayey  sands,  under  which  is  the  ever- 
appearing  pebble  hne. 

In  a  cutting  for  a  road  through  a  slight  elevation  near 
the  station,  I  saw  beds  of  clayey  sand  slightly  c  insistent  an  1 
of  a  white  or  pinkish  color.  Here  the  Sauba  ants  had 
formed  immense  mounds  of  a  clayey  sand  of  i  wiim  pink 
ish  tint,  the  material  having  been  brought  up  fiom  a  con 
siderable  depth  by  tliese  busy  creatures  m  tlie  exi, nation 
of  their  galleries. 

The  village  of  Alagoinhas  is  on  the  sand  plains,  about  a 
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league  eastward  of  tlie  station  of  the  same  narao.  The 
aurfaee  of  the  plaiiia  is  not  level,  and  tlaere  are  differences 
of  elevation  amounting  to  fifty  feet  more  or  less,  but  the 
slopes  are  very  long,  exceedingly  smooth  and  even,  and  aa 
a  general  thing  their  du'ection  ia  from  the  liilla  towards  the 
centre  of  the  plain.  The  surface  is  loose  white  sand,  of 
course  a  moat  unfertile  soil.  The  vegetation  of  the  sand 
plains  and  taboleiroa  diffei's  hi  tlie  most  marked  way  from 
tliat  of  tlie  soil-covered  hills.  Trees  are  few,  scattered,  small, 
and  very  often  with  rough  bark,  and  stiff  and  contorted 
branches.  One  of  the  most  conspicuous  of  tliem  is  fclie 
Carahyba,  a  tree  about  twenty  feet  in  height,  which  is  scat- 
tered all  over  the  plains. 

The  Muriel  QByrsonima)  is  a  small  scrubby  tree,  about 
eight  feet  high,  with  bunches  of  large  elliptical  leaves  cov- 
ered with  hairs  like  tlie  mullein  borne  at  the  ends  of  the 
branches.  The  fruit  is  about  the  size  of  a  large  cherry, 
yellow,  very  fragrant  and  much  esteemed.  The  Mangaba 
(_Hanc(rrnia  spedosa)  is  anotlier  small  tree,  with  weep- 
ing branches  and  small  leaves.  Its  frait  is  of  the  size  of 
a  plum,  and  very  delicious.  The  Perico  is  a  bush  produ- 
cing a  fniifc  as  large  as  a  gooseberry,  and  very  pleasant  to 
the  taste.  The  Baliianos  are  fond  of  it,  and  in  the  season 
of  fruitage  the  berries  are  sold  in  large  quantities  in  the 
city. 

A  small  tree  called  Sambahiba  is  remarkable  for  its 
curled  leaves,  the  upper  side  of  which  is  so  rough  and 
hard  as  to  scratch  wood  like  sandpaper.  Tlie  Janahuba  is 
a  chai-acteristic  shnib  of  the  taboleiros,  and  it  is  notewoilJiy 
on  account  of  bearing  at  the  end  of  its  stem  a  cluster  of 
large  leaves,  giving  out  an  abundant  milky  eap  when  broken. 
Among  the  other  common  plants  of  the  taboleiros  one  ob- 
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serves  the  Aloonm,  with  its  fragrant  leaves ;  the  Almescar, 
fumishiug  a  sweet-scented  resin ;  the  Macella,  producing  a 
material  used  in  stuffing  mattresses ;  the  Purga  do  Campo 
and  Orelha  da  On9a,  both  used  in  medicine,  and  the  curious 
Barrigudiuha,  with  its  swollen  stem.  Creeping  about  over 
the  bushes,  one  sees  here  and  there  tangled  skeins  of  tlie 
yellow  tliread-like  stems  of  tlie  Cipo  de  Chumbo,  a  species  of 
Cuscuta^  or  Dodder.  A  large  number  of  the  plants  of  the 
taboleiros  are  medicinal,  and  very  many  have  aromatic 
leaves.  Small  and  beautiful  flowering  plants  abound  among 
the  tufts  of  coarse  gi-asa  with  which  tlie  plains  are  covered. 
These  grasses  grow  in  widely  sepamted  clumps.  My  guide 
indicated  the  three  principal  kinds  as  Capm  a§reste,  Gw- 
pim  de  Gheiro,  and  Capim  pubo.  I  observed  one  or  two 
species  of  Melocactus,  but  I  do  not  remember  having  seen  a 
single  lai'ge  Cereus,  a  plant  so  common  on  the  dry  rocky 
sertCea  of  the  Rio  de  Sao  Francisco.  A  little  pahn,  Licori, 
is  very  common,  and  is  the  only  species  I  saw  on  these 
campos. 

Ant-hills  are  common  on  the  taboleiros,  looking  like  scat 
tered  boulders.  Under  one  of  these  I  found  a  lai'ge  scor- 
pion, an  insect  which,  like  the  centipede,  is  common  enough 
in  Brazil ;  but  one  might  travel  a  year  in  the  country  with- 
out seeing  a  specimen  of  either,  unless  he  made  special 
search  for  them. 

As  elsewhere,  these  campos  are  burned  over  from  time 
to  time,  and  the  flora  has  consequently  suffered  great 
modification. 

To  give  an  idea  of  the  general  character  of  the  vegetation, 
as  well  as  of  the  topography  of  the  sand  plains  and  the  ter- 
tiary hills  near  Alagoiuhas,  I  introduce  the  sketch  on  tlie 
following  page. 
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These  hills  are  composed  of  a  soft,  reddish,  argillaceous 
sandstone,  with  some  layers,  however,  of  a  coarse  kind,  very 
hard,  of  a  dark-red  color  and  with  a  cement  of  ferric  oxide. 
In  some  places  these  rocks  form  cliffs.  Here,  as  in  tlie 
taboleiros  of  Camassarf ,  the  sands  hathe  the  foot  of  the  hills 
like  a  sheet  of  water.  The  hills  are  covered  from  top  to 
bottom  with  fragments  of  the  coarse  red  sandstone,  with 
some  quartz  pehbles.  Usually  round  the  base  of  the  hills 
the  sands  have  a  coating  of  red  soil  washed  down  from  the 
hillside.  Near  Jacar^  tlie  soil  of  some  parts  of  tlie  hilly 
land  hecomes  better  in  quality,  and  is  soft  and  loose.  Here 
we  find  a  liberal  forest  coating,  and  some  poor  settlers  cul- 
tivate fields  of  mandioca,  tobacco,  com,  &c.  Tlie  soil  is 
sandy,  and  grayish-brown  in  color.  Farther  back  comes 
a  belt  of  forest  beyond  the  taboleiros,  and  a  considerable 
quantity  of  sugar  is  raised  m  that  region. 

The  height  of  Alagoinhas  station  above  the  sea,  according 
to  the  survey  of  Mv.  Vivian  as  laid  down  on  the  manuscript 
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map  of  Mr.  Nicolay,  is  three  hundred  feet.  The  tertiary 
hills  of  tlie  vicinity  I  should  judge  to  be  one  hundred  and 
fifty  feet  higher,  more  or  less. 

As  to  the  extension  of  tlic  cretaceous  beds  on  both  sides 
of  the  line,  I  have  very  scanty  information.  The  island  of 
Madre  de  Deus,  in  the  Bay  of  Bahia,  belongs  to  tlie  same 
series,  aa  I  have  seen  in  Mr.  Nicolay's  oolleotioii  several 
specimens  of  sandstone  and  other  rocks  from  this  locality 
precisely  like  those  on  the  railroad ;  and  tlie  island  of  Itapa- 
rica  is  also,  to  a  large  extent  at  least,  cretaceous.  I  have 
not  heard  of  tlieir  extension  fai'tlier  soutla.  I  believe  that 
the  Bahia  cretaceous  series  is  confined  entirely  to  the  bor- 
ders and  islands  of  the  Bay  of  Bahia,  and  that  it  is  for  the 
most  part  an  accumulation  within  a  closed  fresh-water  basin.* 

Tlie  sands  and  gravels  of  the  plains  and  connecting 
valleys  are  certainly  newer  than  the  coast  tertiary  beds, 
which  are  denuded  in  order  to  form  the  basins  in  which 
^ese  were  deposited.  They  appear  to  me  to  be  of  la- 
custrine and  fluviatile  origin,  and  I  believe  that  the  plains 
were  once  covered  by  large  lalies,  which  have  been  drained 
by  the  cutting  through  of  the  high  lands  on  the  soutli 
by  the  streams  flowing  from  them.  From  what  I  have 
been  able  to  observe,  these  beds  are  uniformly  overspread 
by  a  sheet  of  clayey  sand,  mixed  with  fragments  of  rock 
from  the  neighboring  hills,  which  sheet  I  consider  to  be 
drift,  so  that  the  sands  and  gravels  may  possibly  be  of 
very  late  tertiary  age.  It  is  very  probable  that  they  may 
turn  out  to  belong  to  the  same  series  as  certain  similar  de- 
posits observed  by  Mr.  St.  John  in  the  valley  of  the  Rio  de 
SSo  Francisco,  which  are  overlaid  by  drift  in  the  same  way, 

*  In  Professor  Agassix's  collection  I  find  a  fragment  of  greenish  shale  with 
CJTjrids  from  Paraliyba  do  NorW,  wliich  appears  to  bi^  from  a  formation  similar 
to  that  of  Bahia. 
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CHAPTER  IX. 

THE     PliOVlNCES     OF    SEEGIPE     AND     ALAgGaS,    AND    THE   EIVEK 
SJO  FRANCISCO   BELOW   THE  FALLS. 

Tlic  Pi-ovincc  of  Sei^lpe.  — Its  Divisioii  into  Matias  md  Agresies.  —  Thd  Rio 
Iteal.  —  Estaacia;  New  Red  Sandstone,  Sugar  Plantations,  &c.  —  Sand 
Dnnea.  —  The  Eio  Vasabame.  —  The  Eio  Cotingniba.  —  Arncaju,  —  Cra- 
taceona  Beds  with  Inocerami  at  Sapucahy.  —  Maro'im.  —  Cretnceona  Lirae- 
Etonewith  Ammonites.  —  "  Fossil  Turtles."  —  Sugar  Plantfltions.  —  Mresrs. 
Schramm  aud  Company.  —  The  Bur  of  the  Silo  FrnnciEco.  —  Sand  Dunes 
of  the  Pontal.  —  Character  of  the  River  below  PenSdo.  —  Aracar^.  —  Villa 
Nova  and  its  Cretaceons  Sandatonos.  —  The  City  of  Pen6do  and  its  Geol- 
ogy, —  Its  CommBtce  and  Fair,  — Notes  on  the  Piranha  and  its  Habits.  — 
Propria.  —  Morro  do  Chaves  and  Cretaceous  Fossils.  —  Traipii.  —  Iron 
Ore, — Campos,  Vegetation,  Cactuses,  &c,  — Pao  de  Assucar,  —  Cattle 
Fazendas.  —  Piranhas,  —  County  flat  and  covered  T>y  Boulders,  —  The 
River  Valley  a  Narrow  Gorge  in  a  Gneiss  Pliun.  —  The  F  11  f  P  1  Af 
ibnso.  —  Halfeld's     Description.  —  IJaia's    Description.  —  C  m[  be 

liveen  Paulo   Affonso  and  Niagara.  —  Mastodon  Bemai      fi  m  h 

Falls.  ~  Climate  of  the  SSo  Francisco  below  the  Falls  —  Ste       N     g 
tion.  —  Character  of  the  Coast   of  die  Province  of  Alig&        S      h     f 
Maceid.  —  The  LagoRs.  —  The   City  of  Maoeid  and  th     Ge  1  "y     f 
Vicinity.  —  Tertiary  Beds.  —  Harbor  and  Reefs. 

The  Province  of  Sergipe  is  a  very  small  one,  wedged  in 
on  the  coast  between  the  province  of  Bahia  and  the  Rio 
de  Sao  Francisco.  Its  coast  line  is  only  about  ninety  miles 
in  extent.  The  eastern  part  of  the  province  is  low  and 
uneven,  and  there  are  extensive  tracts  of  sands  along  the 
coast.  In  this  region  are  some  lands  fit  for  cultivation. 
The  westci-n  half  of  the  province  is  higher  and  somewhat 
mountainous,  the  principal  mountain  range  being  tlie  Serra 
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d'ltabayana,  of  which  I  shall  have  occasion  hereafter  to 
speak.  The  eastern  half  of  the  proyiiice  passes  by  the  name 
of  Mattas,  because  of  its  forests,  wliile  the  term  Agrestts  is 
applied  to  the  -western  portion,  because  it  is  destitute  of 
forest,  and  is  to  a  large  extent  barren  and  dry,  being  in 
some  parts  fit  only  for  pasturage,  tliough  during  the  dry 
season  water  fails,  the  vegetation  dries  up,  and  cattle  suffer 
from  hunger  and  thirst. 

The  principal  rivers  of  tlie  province  are  the  Uio  Real, 
which  separates  it  from  tlie  province  of  Bahia  on  the  south, 
and  eraplaea  into  the  sea  at  the  same  mouth  with  the  Bio 
Piauhy,  the  Rio  Vasaharris,  the  Cotinguiba,  and  the  Japa- 
ratuba. 

The  Rio  Real  is  a  email  river  navigable  for  a  distance  of 
some  nine  leagues  above  its  mouth.  In  its  upper  course  it 
flows  through  the  dry  belt,  and  it  is  bordered  by  cattle  fa- 
zenda^.     A  little  cotton  is  raised  along  tlie  river. 

The  Piauhy,  anotlier  small  river  rising  in  the  western 
pai-t  of  the  province,  and  to  the  noitli  of  the  Real,  unites 
with  the  latter  river  just  before  it  empties  into  the  sea.  On 
my  return  from  a  voyage  on  the  Sao  Francisco  I  touched  at 
Estancia,  and  made  a  hasty  visit  to  the  town.  Estancia  is 
built  on  a  rolling  country,  where  tlie  heights  of  the  imme- 
diate vicinity  are  not  more  than  two  or  three  hundred  feet. 
Tlie  hills  are  rounded,  and  the  rooks  composing  them  are 
coarse  red  micaceous  sandstones, — quite  indistinguishable 
in  the  liand  specimen  from  the  triassie  red  sandstone  of 
New  Jei-sey.  This  sandstone  covers  a  large  area,  and  must 
be  veiy  tliick.  I  examined  it  in  several  places,  but  found 
no  signs  of  fossils.  The  dip,  as  a  general  tiling,  appears  to 
be  but  a  few  degrees  to  the  eastward.  This  sandstone  is 
covered  by  a  red  clayey  soil,  which  bakes  very  liard,  so  tliat 
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the  vicinity  of  Estancia  is  very  arid  and  of  little  fertility, 
and  tlie  vegetation  is  low  and  sparse.  There  are,  however, 
very  productive  lands  lying  farther  to  the  westward,  and 
probably  inside  of  tlie  sandstone  range.  Estancia  exports 
every  year  7,000  boxes  of  sugar  (48,000  cwt.),  together 
■with  some  cotton,  tobacco,  etc. 

Below  Estancia  I  found  a  poor  exposure  of  limestone, 
containing  shells,  and  which  was  quarried  for  burning  into 
lime.  I  could  discover  no  signs  of  bedding.  The  IHc- 
cionario  Geographico  says  that  in  tlie  neighborhood  of 
the  Rio  Piauhy  a  mine  of  coal  was  discovered,  and  that 
since  1840  no  other  coal  has  been  used  in  the  forges  of 
the  vicinity ;  but  while  at  Estancia  I  mado  careful  in- 
quiries about  minerals,  and  heard  not  a  word  said  about 
the  existence  of  coal  in  the  neighborhood. 

The  river  is  narrow,  and  at  the  time  of  my  visit,  in  Au- 
gust, 1867,  it  was  very  shallow.  The  water  below  the  falls 
was  fresh,  but  very  muddy.  As  tlie  hot  season  advances 
the  river  falls  very  low,  and  the  salt  water  flows  up  to  the 
port.  The  lower  part  of  the  river  is  bordered  by  extensive 
mangrove  swamps ;  its  moutli  is  obstructed  by  a  bad  bar. 
On  shore,  on  tlie  south  side,  are  some  magnificent  sand- 
dunes,  forty  to  fifty  feet  high,  as  regular  in  their  outlines 
a  d  1       1 
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North  of  Estancia  low,  irregular  liills  begin  to  make  tlieir 
appearance,  aiid  seem  to  be  tertiary  outliers ;  but  away  in 
the  interior,  twenty  or  tliirty  miles  from  tlie  coast,  is  seen 
the  blue  outline  of  tlie  Serra  de  Itabayana,  It  presents  a 
low,  very  evenly  rounded  form,  and  must  be  over  two  thou- 
sand feet  in  height.  It  is  composecl  of  gneiss  and  mica 
alate,  as  I  had  an  opportunity  of  seeing  on  tlie  Kio  de  Sao 
Francisco. 

The  Vasabarris,  anciently  denominated  Irapirang,  rises 
in  the  province  of  Baliia,  in  tlie  Serra  Itiuba,  according  to 
the  Diccionario  Geograpkico,  and  is  of  very  little  impor- 
tance except  near  the  sea,  where  it  is  navigable  for  a  dis- 
tance of  about  twenty  miles.  The  same  authority  says  that 
the  Eio  Sergipe  flows  into  it  near  its  mouth,  which  is  mani- 
festly a  mistake.  Not  far  from  the  mouth  is  the  city  of 
Sergipe  d'El-Eei,  or  SSo  ChristovSo,  on  the  bank  of  a  minor 
stream  emptying  into  it  from  the  north.  This  city  was,  for 
many  years,  the  capital  of  the  province,  but  so  very  bad  is 
the  bai'  of  tlie  Vasabarris  that  tlie  river  was  not  to  be 
depended  upon  for  navigation.  The  capital  was  conse- 
quently removed  to  Aracajii,  on  the  Cotinguiba,  a  few 
leagues  farther  north.     The  city  is  now  in  decay. 

The  Cotinguiba,  or  Cotindiba,  is  a  smaller  river  than  the 
Vasabarris,  and  takes  its  rise,  as  near  as  I  can  ascertain, 
in  the  Serra  d'ltabayana.  It  is  navigable,  at  high  water, 
for  smacks  only,  as  far  as  Maroim,  a  distance  of  some  ten 
or  twelve  miles.  The  river  has  several  branches,  on  which 
are  a  number  of  towns  of  more  or  less  importance.  At 
the  mouth  the  river  is  very  wide,  presenting  a  beautiful 
sheet  of  water ;  but  it  appears  to  be,  after  all,  only  a  sort 
of  estuaiy.  Between  Maroi'm  and  tlie  sea  the  banks  are 
largely  covered  by  mangroves,  but  there  are  some  hills  and 
higher  lands. 
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Tlie  bar  at  the  moutli  of  the  river  is  very  dangerous, 
and  tlie  surf  beats  on  it  with  great  fury,  sometimca  pre- 
cludmg  the  possibility  of  entering.  Almost  across  the 
month,  from  the  northern  side,  stretches  a  line  of  sand- 
banks of  a  croscent-lilie  shape.     Tliree  of  these  ai'e  joined 


together,  their  convexities  being  turned  toward  the  sea, 
while  the  extremities  are  produced  up  the  river  as  long 
spits.  A  similar  sand-bank  is  attached  to  the  northern 
bank.  These  hook-sliaped  spits  of  sand  are  made  in  the 
struggle  between  the  river  and  the  waves  of  the  sea,  in 
the  same  manner  as  the  hook  at  the  mouth  of  New  York 
Bay  is  made.  Like  the  other  rivers  on  tliis  coast,  the 
Cotinguiba  enters  the  sea  very  obliquely  with  a  southeast 
course.  Tlie  left  bank  is  fiat,  composed  of  sand,  and 
continues  low  for  several  miles  up  the  river.  On  the  oppo- 
site side,  at  the  mouth,  tliere  are  extensive  dunes  forty 
to  fifty  feet  high,  flanking  a  tract  of  recently  elevated  sands, 
stretching  along  several  miles,  covered  with  cocoa-palms 
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T5  fii  ns  til  r  tj  jf  Aricijii,  1  small  ind  iinintPiP^tmg 
tDwn  the  captJ  1  ui]t  en  a  fiat  of  lower  ilknial  giound, 
Ijoideiiiig  tht  11^ ei  at  the  bi&e  of  the  &aiidi  In  tlie  uppt,r 
pait  of  tlie  town  the  dune  aie  \eiy  laige  and  conspiouona 
In  com]  my  with  Di  Biimet,  Duector  cf  tlie  Agiicul 
tural  College  tt  Bd,hia,  I  i\alked  o\Pi  the  stritified  'iands 
foi  some  distance  up  the  iivci  to  a  hiU  on  whidi  theie  i" 
a  church  and  little  vilhge  I  '^aw  n  i  shells  ni  the  sands 
The  hiU  refeired  to  la  tertiary,  and  ne  saw  in  thp  siil  cov 
ering  it  nregular  mai^ses  of  the  common  dark  red  tertiaiy 
sandstone.  The  height  of  the  sand  plam  above  water  level 
was,  if  I  remember  rightly,  about  fifteen  feet. 

A  few  miles  above  the  ci^,  and  also  on  the  right  bank  of 
the  river,  at  a  place  called  Sapncahy,  tliere  is  quite  a  large 
quai'ry  ui  a  little  hill  composed  of  a  white  flaggy  and  shaly, 
rather  soft  and  chalky  limestone,  used  quite  extensively 
for  building  purposes  in  Aracajii,  Of  this  limestone  a 
tliickness  of  over  a  hundred  feet  is  exposed.  Tlie  stratifi- 
cation is  remarkably  regular,  and  the  quality  of  the  stone 
is  very  uniform.  Aa  a  general  thing  it  is  almost  pure,  white 
and  somewhat  soft,  but  there  are  bands  of  a  grayish  variety, 
much  harder,  which  have,  at  first  sight,  the  appearance  of 
a  lithographic  stone.  The  thinner  shales  resemble  strongly 
those  of  Solenhofen.  A  large  part  of  the  rock  is  flaggy, 
and  is  readily  quarried  out  in  large  tliin  slabs.  There  are 
some  lines  of  flints  in  these  beds,  but  these  are  not  rounded 
as  in  the  English  chalk,  but  tabular  and  angular.  I  have 
submitted  some  specimens  of  these  rocks  to  my  friend  Mr. 
Arthur  M.  Edwards,  the  microscopist,  of  New  York,  who 
has  been  unsuecessfiil  in  discovering  in  them  any  micro- 
scopic remains.  On  the  surface  of  some  of  the  layers  of 
limestone  I  have  found  great  numbers  of  valves  of  a  pretty 
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Inoceramus,  most  probably  new,  togetlier  witb  a  little  Am- 
monite and  some  teliostian  fiab-scales.  I  am  IclJ  tbat  per- 
fect fishes  have  been  obtained  here  as  well  as  at  Lai'an- 
geiras,  and  some  specimens  were  collected  a  few  years  ago 
in  this  vicinity  by  his  Majesty  the  Emperor  of  Erazil,  a 
shrewd  geological  observer.  This  white  limestone  appeal's 
to  represent  the  white  chalk.  The  beds  at  Sapucaliy  have 
a  moderate  dip  to  the  sontlieast  approximately. 


Between  '^apucaliy  and  Muoim,  i  few  miles  up  tlie  iivei, 
the  grounds  are  low,  and  the  boitnien  mfoimed  me  that  lime 
abounded  m  the  vicmity  The  limestone  of  Sapuc^lly  is 
said  not  to  furnish  good  lime.  At  Maroim  I  was  gratified  to 
find  the  sti-eets  paved  with  large  blocks  of  a  coarse  yellowish 
limestone,  and  to  see  on  them  the  impressions  of  some  large 
Ammonites  and  CeratUes,  some  of  which  I  took  up  and 
brought  away  with  me.*     Besides  these  fossils  I  obtained, 

*  I  vifiiled  the  quarry  that  supplied  the  stone,  but  in  Iho  short  time  nt  mj 


,db,Google 


PROVIXCES   OF   SEBGIPE   AND   ALAGoAS.  385 

through  the  kindness  of  Mr.  Adolph  Lainl  *  several  speci- 
mens of  a  large  Natica.  Mr.  Nicolay  once  showed  the 
drawhig  of  a  Ctdaris  sent  to  liim  from  that  locality. 

At  the  Salem  meeting  of  the  Association  for  the  Adyaiice- 
ment  of  Science,  in  August,  1869,  I  exhibited  my  collection 
of  Maro'iiii  fossils,  and  expressed  the  opiiiioti  that  they  were 
cretaceous.  Professor  Alplieus  Hyatt,  in  examining  tlie 
specimens,  was  struck  with  the  remarkable  peculiarities 
possessed  by  some  of  them,  and  which  recalled  Jurassic 
forms.  Professor  Hyatt  kindly  consented  to  study  the 
specimens  critically,  and  I  am  glad  to  he  able  to  present 
tlie  following  report  upon  them,  wliicli  he  has  prepared  for 
tliis  work.  I  am  especially  glad  to  have  tlie  opinion  of  this 
natui'alist  on  the  Ceratites  and  Ammonites,  because  he  has 
made  such  exceedingly  careful  studies  of  these  groups. 

Report  on  tlie  Cretaceous  Fosdhfrom  Mar(n'm,  Province  of  Sercftjye, 
Brazil,  in,  the  Collection  of  Professob  HiRTT.  By  Alpheus 
HrATT,  S.B.,  Curator  in  Uie  Teahody  Academy,  Salem,  Mass. 

In  the  amall  collection  of  fossils  from  tho  abova  locality,  placed 
in  my  haada  for  esamination,  I  have  been  able  to  make  out  the 
following  species  :  — 

Natica  prcehmga  Leymerie. 

Natica  pnehmga  Leymerie,  1843,  M^.  de  la  Soo.  GiiA.  t,  T.  p!.  16,  fig.  8,  p.  13; 
D'Orb.,  Voy.  dans  PAm^r.  Mer.  t.  8,  p.  78,  pi.  18;  Pai.  Fi'fin.,  Terr.  Cr^t  p.  152, 
pi.  172,%  1. 

This  species  is  qviite  closely  allied  to  Natica  PierdeiwMs  of 
Roemer,  collected  in  Tesas,  but  has  a  longer  aod  more  acute  spire. 
The  French  specimens  were  found  at  Thieffrain  and  Vandceuyre, 
in  the  Lower  N^ocomien,  by  M.  Leymerie,  and  the  identification 

*  Since  my  return  home  Mr.  Laue  has  been  so  kind  as  to  send  ivjo  smnll  lots 
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was  made  by  a  comparison  between  the  Brazilian  specimens  and 
the  figure  given  by  D'Orbigny  in  the  Paliontologie  Franr/iis. 
D'Orbigny's  figure  of  the  specimen  from  Columbia,  in  his  Voyage 
dans  PAm&ni^ie  Meridionile,  is  that  of  a  young  specimen  found 
by  Bouasingault  on  the  Rio  Suba,  one  of  the  affluents  of  the  Eio 
Snarez.  This  agrees  perfectly  with  the  figure  of  the  French 
specimen.  The  French,  Columbian,  and  Brazilian  Bpeoimens  are 
all  casts  of  the  interior. 

Locality  :  Cretaceous  of  Maro'im,  C.  F.  11.,  1807,  and  Mr.  Adolph 

CeratiteB  liarttii  n.  sp. 
Tbis  specimen  I  was  at  fitst  disponed  to  cons  der  as  a  Goaiatite 
m  spite  of  the  ^epta,  the  charioteristiLS  of  which  aie  unqueation 
ably  ceratitio  It  la  evid(,ntly  a  fossil  cast  which  has  been  trans 
potted  to  the  beds  in  which  it  was  found,  fiom  some  older  ■jtr^tum 
of  piecisely  the  same  lithologioal  composition  Sei pulse  halt,  in 
ciusted  the  surface,  stretching  their  long  cornucopia  like  shell 
cases  acio«9  oi  fitting  closely  into  the  \braded  depieswons  which 
mark  the  foimet  edges  of  the  septal  pirtitions.  Ihe  piesence  of 
theae  serpxil-e  ^^how  conolusiyely  that  the  specimens  mi  bt  hai  e 
bLcn  a  intsi\  long  l>efoje  they  began  to  grow  upon  ite  snrfaLe,  ind 
that  it  had  suffered  much  from  the  we-u  ind  teur  of  the  elements 
befoie  the'v  could  have  fitted  thcmsehes  so  accurately  into  the 
depressions  of  its  ron^h  and  pitted  extenot  The  umbilicus  is 
filled  with  the  tough  calcaieoui  matiix  but  its  form  must  neoes 
sanly  be  that  of  a  very  deep  funnel,  the  whotls  enveloping  the 
gi  eater  portnu,  if  not  the  whole,  of  the  sides  of  the  youn!>  Thn 
is  certainly  the  case  with  regard  to  the  last  whorl,  which  covers 
nearly  the  whole  breadth  of  the  sid^  of  the  immediately  preced- 
ing volution,  leaving  only  a  narrow  band  exposed.  This  peculi- 
arity, and  the  great  transverse  breadth  of  the  volutions,  gives  to 
this  species  a  remarkably  cl<ffie  resemblance  to  Goidatites  crenistria 
and  other  allied  forms,  and  this  it  was  which,  at  first  sight,  led  me 
to  imagine  that  the  older  Gomatitea,  as  well  as  the  Ceratifes,  had 
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"colonized"  the  oretafieous  shores  of  Brazil.  The  longest  diameter 
of  the  cast  is  nearly  five  (H^)  inches.  The  latter  balf  of  the 
last  volution,  occupied  by  the  terminal  chamber,  ia  devoid  of  sep- 
tal markings,  and  has  auffered  too  much  from  abrasion  to  allow  of 
accurate  meafiurements.  Near  the  last  aeptum,  however,  the  ful- 
ness of  the  original  shell  is  very  well  preserved,  and  here  the 
dorBO-abdominal  breadth  of  the  last  whorl  was  found  to  be  two 
sevenths  shorter  than  the  dorsal  breadth,  measuring  from  shoul- 
der to  shoulder  of  the  umbilical  edge.  The  abdomen  aud  sides 
ai-e  symmetrically  rounded,  reaching  their  greatest  width  or  de- 
parture fi^m  each  other  on  the  umbilical  edge.  The  curvature  of 
the  sides  is  so  rapid,  however,  and  the  apparent  elevation  of  the 
abdomen  so  great,  that,  without  actual  measurement,  no  one  would 
be  apt  to  suspect  that  the  base  of  the  arch  was  longer  than  its 
aais  of  elevation.  The  edges  of  the  septa,  though  worn  away  to 
a  considerable  extent,  are  sufficiently  distinct  to  allow  of  the  de- 
termination of  their  general  chairacteri sties.  They  are  evidently 
more  closely  allied  to  those  of  Oeratiles  (Ammonites)  Sobmii,  as 
figured  by  Von  Buch,*  than  any  other  species.  The  abdominal 
lobe,  however,  has  a  siphonal  cell  of  ordinary  size  in  place  of  the 
large  broad  cell  occupying  the  abdomen  of  that  species.  The 
lateral  lobes  and  cells  have  veiy  nearly  the  same  general  outline 
as  in  Geratites  Robinii,  and  the  superior  lateral  cell  has  a  similar 
triple  division  of  the  base  line,  due  to  the  presence  of  two  minor 
lobes  of  equal  size.  The  superior  lateral  lobe  is  about  one  third 
deeper  than  the  abdominal  lobe.  The  inferior  lateral  cell  is  very 
much  broader  than  in  Ceratites  Rohinii,  and  the  base,  instead  of 
being  smooth,  is  brolten  by  two  or  more  minor  lobes,  atmost  obliter- 
ated, however,  in  the  cast.  In  other  respects  these  cells  are  very 
like  those  of  Geratites  Mobinii,  having  precisely  the  same' hump-like 
form  rising  gradually  on  the  abdominal,  and  bulging  oiit  on  the 
dorsal  or  umbilical  sides.  The  inferior  lateral  lobes  in  both  spe- 
cies are,  on  account  of  the  contiguity  of  the  septa,  in  contact,  and 

*  Udxr  Cerafilen,  Abhiind,  (1.  Kong,  Ak:iJ.  Berlin,  1848,  p,  ITfi,  fig,  4, 
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Bet  one  into  the  other  like  a  pile  of  coflee-cnpo ,  tliia  lobe,  how 
evet,  in.  LeiaUtes  Uartlti  &  either  deepei  oi  of  about  the  iame 
depth  aa  the  supenot  UterJ  The  fii^t  auxiliaiy  cella  iiid  lobes 
are  ei^uallj  imitative,  b«t  the  baaal  outline?  of  the  fonoei  are  <h 
vided  by  two  minoi  lobes  Bimilai  to  those  of  the  supeiioi  ind 
infeiioi  lateiol  cells 

The  fliat  auxiliary  lobe,  also,  leaches  the  nmhdicnl  edoS,  inhteid 
of  being  situated  ftt  some  distance  therefiom,  asm  VeutttitiRobiau, 
and  the  smaller  auxiliary  lobes  and  cells  are  tipon  the  unexposed, 
inturnod  portion  of  the  border,  and  are  not  seen  upon  the  sides,  as 
in  Von  Bnch's  figure  of  the  latter.  Probably  no  very  close  com- 
parisons can  be  made  between  the  form  of  the  shell  in  these  two 
species,  since  Ceratiles  Robinii  has  a  shallow  umbilicus  and  nar- 
rower whorla.  There  seems  to  be  no  doubt,  therefore,  that  this 
fossil  is  undescribed,  and  as  it  is  the  remains  of  a  very  remarkable 
cretaceous  anunal,  its  dedication  to  its  discoverer  cannot  be  classed 
among  compliments  of  a  similar  sort  which  arc  too  often  common- 
place or  misapplied.* 

Oeratiles  {Ammoniles)  Pierdenalis  Von  Buch. 

No.  4  of  the  collection  is  so  closely  allied  to  this  species  in  the 
form  of  the  whorls  and  the  extent  to  which  they  envelop  each 
other  that  I  have  no  doubt  of  their  specific  identity.  The  septa 
are  not  apparent,  hut  the  hollowing  in  of  the  ambilical  sides  of 
the  volutions  and  the  acuteness  of  the  abdomen  are  well  marked 
and  evidently  the  same  as  in  Aininmiitea  Pierdmialis. 

Locality.  In  cretaceous  beds  at  Maroim.  C.  F.  H.  and  Mr. 
Adolph  Lau^,  collootors. 

Antiiionites  Ilallii  Meek  and  Hayden^ 

No.  1  is  probably  a  fragment  of  a  lai^  whorl  of  Ammonites 

Hallii  of  Meek  and  Hayden,  or  a  closely  allied  species.     Although 

•  This  Ceratite  woi6  obtained  fi-om  tlie  cretaceous  beila  of  Maroim,  C.  F. 
H,  and  Mr.  Adolph  Lauif,  colleetorfl. 
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none  ct  tie    rniei    iloik  ire  preserved    tlie  uoibilcus  wis  evi 
deiitly  deep  iiid  comi  it  itively  n-mow  a  characten&tic  eJ  I 

the  broad    lorsum  small  mile     aud  i  c  ^  i  ij  d    iicita  e    ii  s  ^e 
of  the  \  ol  tiona 

The  cost"e  oi  j.iI'b  is  I  piefu  to  call  them  cros5  the  iLlomeri 
without  mtemiition  and  not  m  re  than  one  m  foui  reach  the 
umbilical  edge  Tihete  tb  y  develoi  I'lrge  i-oaise  tubercles  and  dis 
appear  An  outl  i  e  oi  auct  on  of  the  vhoil  wo  ild  cmve  like  a 
Eomanarch  the  ild  men  lein^  lounded  tai  d  nn  on  tbe  sile^ 
the  sides  flattenel  ily  vhen  near  to  the  «ml  i  c  1  edge  wh  1  s 
very  abiupt,  and  m  the  whoil  examined  naeaamed  about  four  fifths 
of  an  inch  from  the  ed^e  to  the  side  of  tbe  piei^e  ling  wborL  Tbe 
base  of  the  whoil  n  its  1  loa  leit  j  ait  iiom  ed^e  to  edge,  measures 
three  and  two  fifths  inches  and  its  height  fiom  a  line  oonnecting 
the  umbilical  ed  eo  three  md  one  hfth  lu  hes  The  septa  are  not 
sufficiently  well  preuei  \  ed  to  affor  i  in  accurate  description. 

Uo.  2  is  a  species  of  the  Ligati  group,  Tbe  ligaturedike  depres- 
sions constricting  the  wborl  are  plainly  visible,  and  the  form 
reminds  one  of  Ammonites  aemistriaius  D'Orb.,  at  least  the  general 
aspect  of  the  last  whorl  somewhat  resembles  that  species. 

No.  3  appears  to  be  identical  either  with  Ammonites  Peruvianws 
Von  Buch,  or  Am/monites  acutoearmafua  Shumard.  The  fragment 
is  very  much  compressed,  and  the  true  characteristics  of  the  ab- 
doraeo  obliterated, 

No,  3  a  is  a  fi^gment  of  a  young  specimen  of  No.  3.  This  is 
not  compressed,  and  shows  the  prominent  keel  and  broad  pilte  of 
this  species  much  more  plainly. 

Locality  :  Maioim,  in  cretaceous  beds,  C.  F.  H,  and  Mr.  Adolpb 
Lau6,  colleotors. 

AmTmnites  Gibhonianm  Lea, 

No.  5  is  probably  the  young  of  No.  6,  Tbe  pilie  (ribs  or  costte) 
make  their  appearance  on  the  first  quarter  of  the  second  whorl. 

After  this  first  period  the  whorls  are  obscured  move  or  less  until 
tbe  last  quarter  of  the  fifth  wborl.     From  this  time  until  the  com- 
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piction  of  the  sixth  volution  there  are  large  tuberculiited  jnltc 
which  alternate  with  others  of  lesser  height  and  thickneKs,  though 
in  a  very  irregular  manner.  The  larger  pil^e  hegm  to  lose  their 
greater  proportional  height  on  the  latter  part  of  the  sixth  whorl, 
and  appear  about  to  assume  the  same  fonii  as  those  of  Ko,  G.  do- 
Borihed  below. 

The  dorsum  of  the  eisth  whorl  is  much  broader  than  the  alido- 
men ;  the  umbilical  edges  are  rounded  and  the  sides  slope  evenly 
to  the  base  of  the  keet  The  pilce  have  squarely  cut  geniculte, 
probably  tuberoulated  on  the  shell,  and  which  bend  forward  on  to 
the  abdomen  and  terminate  elose  to  the  keel. 

The  keel  is  very  prominent,  thin,  and  sharp,  and  the  sides  be- 
tween the  pilas  are  evenly  rounded  upon  the  edge  of  the  abdomen, 
in  those  parts  not  affected  by  compression. 

The  septa  were  too  obscure  to  be  observed  nith  uny  approach 
to  accuracy. 

Vo  Tl  e  keel  e  verj    early  perfe  t  a    1  shon  s  to  the  f  dlest 

exte  t  ts  great  br  -adtl  a  1  the  ent  rely  etenlpaton  f  the 
8  1 1  n  In  th  s  re  pe  t  t  esembl  s  Nos.  J  an  1  7  i  tl  f 
wh  h  the  s  phon  s  ot  j  esent  t  all  n  the  ute  n  1  st  of  tl  o 
who  1,  h  t  1  sappears  w  th  tl  e    emov  1  of  the  si  ell 

The  1  tte  port  of  the  s  tth  and  the  first  h  If  of  tl  e  e  enth 
wl  Is  a  e  exposed  and  tole  Lly  ell  p  e  ervel  The  mlilcal 
edj,e  s  oun  led  nd  the  des  lope  evenly  to  the  ha.  e  of  tl  e  keel 
The  mh  1  c  IS  tself  ather  deep  The  abdomen  s  not  ij  te  so 
broa  1  g  the  do  -s  a  n  eas  red  ftom  e  !ge  to  dge  The  i  ise  a  e 
dep  essed  on  the  umbil  cd,l  lo  der  but  tl  e  gen  c  Ieb  are  1  ^1  tly 
n  0  e  prrn  nent  b  t  not  t  be  cul  ted  ind  be  1  for^vaid  on  to 
the  ibdo    en    te  n  uit  ng  near  the  keel 

The>  out  ae  to  rem  m  str  ght  nt  1  n  a  the  secon  1  q  arter 
of  tl  e  i>eve  th  vol  t  n  He  eiduU  r  trele  a  to  be 
apparent.  The  lowe  pi  t  be  Is  to  wa  d  o  er  the  un  1  ih  1  ed^e 
w  th         leut     ur    t  re   inl  nt  n  e!  b  a  n-    tr    t  c  ne 

11      1  1  e    a  f    iia  I   1   e  t        over  t!     el        f  tl     ahJo 
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men  to  the  base  of  the  keeL  The  pJlie  lose  something  of  their 
former  prominence  near  the  genictihe,  and  conform  more  decidedly 
to  the  curvature  of  the  sides  of  the  whorl. 

The  keel  itself  on  the  seventh  volution  measured  neatly  one 
half  of  an  inch,  and  the  whorl  neai'ly  two  inches. 

No.  7.  The  largest  of  this  lot  hardly  reaches  beyond  the  sixth 
whorL  Though  ditfei-ing  eonaiderably  at  first  sight,  they  are  really 
EtiD  younger  specimens  of  No.  6  than  No.  5,  with  the  casts  of  the 
pilee  bettei  pieserycd.  The  umbilical  ed^e  slopes  shirply  inn  aids, 
the  sides  inchne  outwaid  to  the  edge  of  the  ahdtmen  inJ  then 
slope  with  a  retntiiint  curve  to  the  bnae  of  the  keel  The  eniel 
opment  extend'^  only  so  fai  as  to  cover  the  ilxlomen  and  f  eth  ipa 
the  tubeidea  on  the  g,emijulie  The  pihe  contorm  to  the  Lurvea 
of  the  nmbilnsd  edge  and  then  nae  griduollj  to  gieatei  piomi 
uence  and  acquire  tnberculated  genicidte  up  n  the  edge  of  the 
abdomen,  with  estenaions  which  laise  folds  upon  the  abdomen 
re  ichmg  neiily  straight  across  to  the  base  of  the  keel  The  k  el 
Itself  iH  veiy  ptomment  and  po^esses  ihc  same  lemiikable  thin 
nest,  uid  prominence  obeeived  in  No  6  All  the  apecimeni,  ^\ith 
one  exception,  hive  the  pilte  eveuly  de\  eloped  ind  equally  promi 
nent  but  in  tins  one  the  sime  ilternation  of  Ui^'e  and  small  piliB 
may  be  observed  oa  m  No  5 

ThiLs  there  can  be  little  doubt  of  ill  foiu:  of  these  -viiieties 
belonging  to  one  ind  the  same  fcpeties.  For  the  specimen  last 
desoiibed  diffeis  from  all  otbet  specimens  of  No  7  onh  so  far  as  it 
agrees  nith  No  5,  namely,  m  the  alternation  cf  the  pilse ,  and 
No  5  difteia  ftom  it  only  in  those  characteiistics  which  it  shares 
m  common  with  No  b,  namely,  imtnbercnlated  geniculEe  much 
less  prominent  than  m  No  5  and  lounded  umbilical  edges  with 
sides  which  slope  evenly  to  the  ba&e  of  the  keel  as  in  No  b 

The  f,eneral  f^pett  of  a  section  of  one  of  No  5,  the  amount  of 
envelopment,  and  the  outline  of  the  whoil  closelj  reseml  le  Mai- 
con's  figure  of  Ammonites  Gihhonianv^  found  m  Te\is  and  theie 
1     1  t  lilt  rc-emlhmi  t    Leis    liquid,  Lut  mi'^ei  dh  midL^uato 
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figure  and  description  of  a  fragment  of  the  same  species  found  in 
New  Grenada. 

It  may,  perhaps,  eseite  surprise  that  the  Ammonites  noticed  in 
this  report  are  not  published  under  different  generic  appellations 
from  those  usually  employed,  and  this  indeed  calls  for  some  expla- 
nation on  my  pai't.  All  the  genera  described  by  me  in  the  Bulletin 
of  the  Museum  of  Comparative  Zodlogy  were  collected  from  Liassic 
beds,  and  their  chai'aflteristicfl  were  determined  by  cai-eful  com- 
parisons of  the  young  and  adult  specimens  throughout  large  series 
of  specimens.  This  kind  of  work  has  led  to  tlie  conclusion  that 
it  will  not  in  most  instaoces  promote  the  knowledge  of  palseon- 
tology  to  describe  isolated  genera  in  other  formations.  When  a 
series  of  connected  generic  groups  can  be  delineated  standing  in 
their  serial  relations  to  each  other,  and  illustrating  natural  laws 
of  arrangement,  or  when  the  diagnoses  of  new  genera,  even 
though  isolated,  may  indicate  important  facta  of  stratigraphical  or 
geogi'aphical  distribution,  the  readjustment  of  the  older  and  more 
compi-ehensive  names  and  gi'oujffl  may  become  imperative.  The 
Brazilian  specimens,  however,  evidently  belong  to  new  genera,  ac- 
cording to  my  views  of  the  relations  of  species  among  the  Ammo- 
nites, but  for  the  present  any  change  of  their  well-known  names 
seems  unnecessary. 

All  of  the  Brazilian  Ammonites  are  either  identical  with,  or  so 
closely  allied  to,  species  already  described  from  the  Tesas  beds  by 
Eoemer  and  others,  that  they  cannot  be  safely  separated. 

The  presence  of  such  well-characterized  species  as  Natica  prm- 
loaga,  Amtnoniies  PeruvianuB,  and  perhaps  of  other  spedes  on  the 
western  as  well  as  eastern  side  of  the  Andes-Rocky  Mountain 
chain  in  Brazil  and  Texas,  indicates  the  connection  between  these 
slopes,  either  across  the  Isthmus  or  west  of  Brazil,  while  a  creta-- 
ceous  ocean  stiU  flowed  over  the  whole  of  the  northern  portion  of 
South  America,  These  facts,  when  considered  in  connection  with 
the  discovery  of  a  fossil  Amuwhytes  on  the  Isthmus,  as  recorded 
by  Mr.  Alexander  Agassiz,  have  a  direct  bearing  upon  a  very  im- 
portant q 
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The  expeditions  of  the  Coast  Survey,  as  is  now  well  known  to  all 
naturalists,  have  estahlished  the  fact  of  a  remarkable  similarity  be- 
tween the  present  deep-iea  iiims.  and  the  specie  of  cretaceous 
■euera         i  1 1      bee      hown  that  the  a  rf  ce  or  1  ttoral  an  n  -11=1 

e  e  u  re  0  less  rep  esented  1  y  dent  c  1  o  closely  fill  ed  spe  ea 
of  tl  e  Pa  fie  B  lie  of  tl  e  I  th  a.  Tl  s  the  i  eat  o  has  a  sen 
n  1  etl  r  or  Dot  the  cl  wly  all  ed  or  dent  cal  fo  ms  a  e  tl  e  de 
s^nl  ts  f  (ulfspeces  h  h  hav  n  mgiateltlro  nl  sone 
ano  ent  hannel  s  baeq  e  tlj  clobe  1  Lj  tl  e  r  a  f  tl  n  k  f 
land  forming  the  IstI  mus  of  Dar  en  Of  co  r&e  th  fit  tep  to- 
tvaids  the  solution  of  this  problem  would  be  to  pro      th  t  n<^ 

of  a  channel  affording  a  free  passage  to  marine  an  m  1    at      n  e 
preceding  period.    This  gives  great  interest  to  facts  1  k    tl     aL 
which  appear  to  confirm  the  conclusion  of  Mr.  Alexander  Agasaiz, 
that  diiring  the  cretaceous  period  the  GuK  of  Mexico  and  the 
Pacific  Ocean  were  really  continuous  seas. 

I  heard  it  frequently  reported,  that  large  fossil  turtles 
were  found  at  Maroim.  One  of  them  I  saw  at  Bahia,  and 
it  was  jiotliing  but  a  huge  Sepiariuin. 

The  Maroira  limestone  is  evidently  upper  cretaceous,  and 
belongs  lower  down  in  tlie  series  than  the  white  flaggy  lime- 
stone of  Sapucahy.  I  saw  no  trace  of  red  sandstone  like 
that  of  Estancia,  which  may  perhaps  underlie  the  Maro'im 
limestone,  though  it  may  be  wanting,  as  I  have  seen  it  no- 
where else,  and  it  seems  to  be  a  local  formation.  The 
country  about  Maro'im  is  hilly,  but  low.  The  soil  is  very 
rich,  and  a  large  trade  is  caiTiedon,in  sugai-,  the  greater 
part  of  which  is  in  the  hands  of  tlie  wealthy  house  of  Messrs. 
Schramm  &  Co. 

The  sliore  between  the  mouths  of  the  Cotinguiba  and  Sao 
Francisco  Rivers  is  low,  with  a  few  scattered  hills,  and  is  of. 
little  interest, 
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The  6arra  of  the  Rio  de  Sao  Francisco  is,  like  that  of  the 
Cotiiiguiba,  obstructed  by  sand-banks,  and  at  times  the  en- 
trance is  dangerous,  even  for  steamers,*  A  book-shaped 
sand-apit  is  seen  extending  from  the  southern  side  of  the 
entrance. 

On  enteiing  the  iiver,  the  soutliem  &ide  is  ''cen  to  be 
swampy  and  for  a  coiisideiable  diotance  coieied  by  man- 
grore-treea  The  opposite  &ide  is  sandy,  and  thoie  are 
some  laige  areas  coveied  l)>  hne  dunes  ot  llowii  aaiid. 
Since  Halfeld'ii  sur\ey  this  has  much  changed  iti  appear- 
ance, the  dunes  lia^e  inuieaied  m  height,  buijin^  some 
of  tlie  cocoatree'i  to  tht,ii  cio^vns,  and  eiicioauhmg  on 
tlie  riyei  *  Strongly  in  contiast  with  the  smooth  sweep- 
ing outhne"*  of  the  growing  dunes  are  the  iitegulii  con- 
ical hills  of  sand  which  occupy  a  large  part  of  the  Poiital. 
After  a  dune  has  grown,  some  of  the  coarse  trailing  plants 
take  root,  and  shrubs  and  little  ti'ces  spring  up  on  its  sur- 
face. These  protect  the  area  over  which  they  grow,  while 
the  remainder  may  suffer  remOTal  by  the  wind,  fonning 
little  conical  hills  with  tufts  of  vegetation  on  tlieir  tops. 
The  sand  is  vei-y  fine  and  of  a  light  broivn  color.  Among 
the  sand-hills  are  large  flats,  partially  occupied  by  marslies 
and  ponds,  and  the  resort  of  great  numbers  of  wading  and 
water  birds,  cranes,  plover,  and  the  long-toed  Pm-ra  Jacana. 

Just  about  tlie  mouth  a  channel  called  the  Eio  Parapuca 

•  Lids  Bays  that  near  its  mouth,  ttfler  the  dry  season,  the  Sao  Francisco  de- 
liTei's  2,800  cnbio  metres  of  water  per  aeeond.  [Buli.  de  la  Soc.  de  Gcog.,  5"' 
StTie  2,  p.  390.)  Gardner  in  his  Travels,  p.  104,  draws  a  very  discouraging 
view  of  the  prospects  of  rendering  the  SiSo  Francisco  navigable,  and  saja  that 
here  is  seldom  mora  than  four  feet  of  water  on  the  bar.  Thongh  d 
it  is  regnlarly  crossed  by  the  lai^  coast  steamers. 

t  Gardner  describes  similar  dunes  at  Peba,  five  leagues  north  of  the  B 
do  S5o  Francisco, 


,db,Google 


PEOVKCES   OF   8EEG1PE  ASD  ALAG3aS.  395 

leaves  the  maiu  liver  and  empties  into  the  sea  about  a 
league  to  the  south. 

From  the  Pontal  to  PenSdo,  a  distance  of  about  twenty- 
five  miles  by  the  river,  the  shores  of  the  river  are  very 
low  and  flat,  and  there  are  many  large  islands.  Ascend- 
ing some  distance  the  mangrove  swamps  disappear,  and  a 
gi-owth  of  aninga  is  common,  while  the  giant  iib^  grass 
sometimes  covers  considerable  tracts.  These  islands  and 
t!ie  neighboring  flat  lands  ai-e  partially  wooded,  but  the 
growth  ia  neitlier  so  luxuriant  nor  so  thick  as  that  which 
chai-acterizes  tlie  Mucury  and  Doce  in  the  south,  or  tlie 
Araazonaa  in  the  north.  The  river-banlis  are  quite  low, 
and  large  tracts  are  every  year  covered  for  a  time  by  the 
■waters  of  the  aimual  freshet,  wMch,  however,  deposit  a  fresh 
coating  of  mud  over  the  surface,  adding  to  the  fertility  of 
the  region.  The  banks  are,  in  some  places,  seen  to  be 
composed  entirely  of  sand,  but  usually  there  is  a  superficial 
sti'atum,  more  or  leas  thick,  of  massap^,  or  yellowish  and 
brownish  alluvial  clayey  soil,  whicli  is  very  fertile.  These 
flat  lands  are  exceedingly  well  adapted  for  cultivation,  and 
are  especially  suitable  for  sugar-cane,  of  which,  however, 
little  is  as  yet  planted.  There  are  several  settlements  on 
these  lands,  of  which  Piassabossu  is  the  largest,  where 
there  are  several  eiigenlios  for  tho  manufacture  of  sugar 
and  cachaga. 

The  higher  lands  begin  a  short  distance  below  Pen§do  on 
the  right  bank  of  the  river  at  Porteira,  and  consist,  so  far 
as  I  have  been  able  to  see,  of  cretaceous  rocks  and  outliers 
of  Hie  gi'eat  coast  tei-tiaiy  sheet. 

At  Aracar^,  a  prominent  rocky  point  just  below  Villa 
Nova,  I  found  a  series  of  beds  much  broken  up,  and  about 
whose  stratigraphy,  from  mj  time  having  been  occupied  in 
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a  search  for  fossils,  I  do  not  feel  quite  sure.  The  spot  is  of 
considerable  interest,  because  rocks  are  found  tliere  that  I 
have  not  seen  elsewhere. 

Tliere  are  beds  of  a  light  yellowish  or  brownish  fine- 
grained, shaly,  micaceous  sandstone,  in  which  I  found  a 
multitude  of  fossils  which  are  almost,  if  not  quite,  undeter- 
minable. Most  abundant  is  a  little  bivalve  which  has  filled 
some  layers,  but  which  has  left  only  empty  moulds  of  the 
valves ;  in  addition  to  these  are  what  appear  to  be  the  spuies 
of  fishes  and  fri^ments  of  plants.  There  are  some  layers 
of  a  light^colored  shale,  in  which,  however,  I  found  no  fossil 
remains.  Tliese  beds  are  considerably  inclined,  but  I  omit- 
ted to  take  an  observation  of  dip  and  strike. 

The  shore  is  encumbered  by  great  masses  of  a  consider- 
able variety  of  rocks,  some  of  which  I  did  not  see  in  siM. 
Of  these  is  a  light,  porous,  argillaceous,  wann  red  sandstone, 
which  resembles  somewhat  tlie  sandstone  of  tlie  tertiary 
hills  neai'  Pitanga  on  the  Bahia  Railroad,  and  with  this  are 
associated  large  masses  of  a  coarse  sandstone  and  conglom- 
erate coated  by  clay  and  oxide  of  iron,  in  which  quartz  and 
agate  pebbles  are  found,  which  rock  also  api>ears  to  be  ter- 
tiary, so  that  I  am  inclined  to  think  that  we  have  here  over- 
lying the  fossUiferous  sandstone  and  sliale  fragments  from 
tlie  now  generally  denuded  tertiary  sheet.  Tlie  fossiliferous 
beds  I  believe  to  be  tlie  upper  members  of  the  series  of 
sandstones  of  Villa  Nova  and  Penedo,  about  to  be  described, 
and  which  I  regard  as  cretaceous. 

I  found  here  numerous  fragments  of  a  rock  with  a  sort  of 
oolitic  structure  which  is  very  interesting ;  when  a  fresh, 
undecomposed  species  is  broken,  it  is  seen  to  be  made  up 
of  i-ound  or  irregularly  spherical  masses  of  a  granular  browu 
quartz,  about  the  size  of  coarse  duck^liot,  filled  in  with  a 
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cement  of  a  bluish,  translucent  chalcedony,  in  which  are 
bedded  very  much  smaller  masses.  These  shot-like  grains 
appeal'  to  have  been  formed  by  the  filling  up  of  globular 
canities  by  quartz,  for  some  of  them  are  minute  geodes, 
still  hollow  in  the  centre.  Bach  has  a  thin  concentric  coat- 
ing of  milky  chalcedony.  In  decomposing,  the  cement  of 
tlie  grains  becomes  white,  and  sometimes  is  first  removed, 
leaving  the  grains  projecting.  At  others  the  material  com- 
posing tlie  grains  is  dissolved  out,  leaving  a  honeycombed 
surface.  It  is  a  curious  rock,  whose  formation  I  do  not 
feel  prepared  to  explain.  It  looks  more  like  a  pseudomorph 
after  oolite  than  anything  else. 

At  Villa  Nova  we  find  the  low,  rocky  bluff  point  on  which 
the  village  is  built  composed  of  thick  beds  of  a  fine,  sliarp, 
whitish  or  slightly  yellowish  sandstone  without  fossils,  with 
well-marked  oblique  and  irregular  lamination,  and  a  strike 
N.  50°  E.,  a  dip  of  15''-20°  S.  40°  E. 

The  city  of  PenSdo  is  built  on  the  Alag5as  side,  at  the 
foot  and  on  the  side  of  a  ridge  which  runs  from  the  left 
bank  of  the  river  towards  tlie  nortlieast.  This  ridge  has  a 
steep  sloije  to  the  southeast,  while  for  some  distance  on  tlie 
nortliwestera  side  it  is  precipitous  and  about  fifty  feet  high. 
The  rocks  exposed  on  the  shore  and  hi  the  cliffs  at  PenSdo 
are  of  the  same  general  character  as  those  of  Villa  Nova. 
A  layer  of  decomposed  shale  or  clay  is  seen  in  the  cliffs 
skirting  the  town,  together  with  some  thin  bands  of  a  fine 
shaly  micaceous  and  ferruginous  rock.  Tlie  whole,  like  the 
Villa  Nova  beds,  dip  to  tlio  southeast  at  a  small  angle.* 
I  have  carefully  examined  these  sandstones  for  fossils,  but 
have  seen  only  some  badly  preserved   remains  of  plants. 

*  Giirilncr  says  thnt  the  sandstones  hifliiie  from  enst  to  west,  which  is  ccr- 
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The  hill  at  PenSdo  is  covered  by  red  drift^jlay,  between 
which  and  the  rock  I  found  a  sheet  of  quartz  pebbles,  min- 
gled with  angular  fragments  of  sandstone. 

The  Penedo  sandstones  are  very  porous,  and  of  a  fine  and 
even  sharp  grain,  which  makes  them  suitable  for  sharpening 
tools.  The  stone  is  higlily  esteemed  for  that  purpose,  and, 
owing  to  tlie  want  of  sandstones  of  the  same  kind  elsewhere 
along  tiio  Brazilian  coast,  it  is  exported  to  a  small  extent, 
finding  its  way  even  as  far  as  Eio. 

Tlie  same  sandstone  shows  itself  at  Boassica,*  about  three 
miles  farther  up  tlie  river,  on  tlio  AlagSaa  aide.  It  has  here 
the  same  dip  and  strike  and  oblique  lamination  as  at  Pe- 
nSdo,  and  contains  occasional  layers  of  pebbles. 

On  the  Sergipe  side  it  is  seen  again  at  Coqueiro  and  Villa 
Nova,  and  at  one  of  tliese  places  it  has  been  quarried  for 
building  purposes  at  PenSdo. 

At  Carrapiso,  on  the  Sergipe  side,  the  native  civilized  In- 
dians manufacture  a  very  good  quality  of  earthenware  from 
tlie  clay  of  the  low  grounds. 

The  city  of  Pen§do  is  quite  a  respectable  little  town  of 
some  3,000  or  4,000  inhabitants.  It  carries  on  a  considerable 
commerce  in  rice,  com,  hides,  mandioca-farinha,  cotton,  &c., 
&c.,  which  are  sent  to  Pernambuco  and  Eahia.  Every  week 
a  fair  is  held,  and  a  great  concourse  of  people  from  up  and 
down  the  river  assembles  there,  bringing  hides,  coarse  sugar, 
pottery,  tobacco,  and  a  host  of  other  articles,  which  ai-e  ex- 

*  This  iiamo,  which  is  applied  to  a  little  stream  and  lake  as  well  as  to  the 
settlement,  is  of  Tnpf  origin,  anfl  is  derived  from  Bo^a,  a  serpBiit,  and  assica, 
mutilated,  tlio  name  of  a  spBCios  of  serpent  which  appears  as  if  it  were  muti- 
lateit.  See  Tupi  Dictionary  and  Clirestomaikia  da  lAngaa  Brazilica.  I  do 
not  know  what  species  is  mennt.  The  same  name  is  applied  (o  a  lake  in  the 
province  of  Eio  de  Jnndro  situntfid  Iibiwcch  tlic  Rio  Matalie  and  tlie  Rio  dus 
Ostras.    Die.  Geo//,,  sui  race  Boassica. 
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posec!  for  sale  in  bootha  on  the  broad  sand-ljcacli  bordering 
the  town.  PenEdo  is  a  calling-place  for  steamers  connect- 
ing witli  Bahia,  and  it  has  steam  communication  with  tlie 
river  above  as  far  as  Piranhas. 

The  city  is  exceedingly  well  supplied  with  fish.  Among 
these  ai-e  Tubarfiiias,  Curiniataes,*  Plans,  Saraijfis  (Cim-o- 
pus~),  Piabas  of  several  species,  Cacliimbaus  or  Acaris,  Pi- 
ranhas, Pirampebas,  &c.,  &c.,  of  which  I  made  a  large 
collection.! 

I  extract  from  my  journal  some  notes  on  tlie  color,  hab- 
its, &c.,  of  the  Piranha  J  (^PygoceMfus'),  which  seem  to  be 
of  interest. 

This  species  of  Piranha,  according  to  the  testimony  of  the 
natives,  is  confined  entirely  to  the  SSo  Francisco  and  its 
tributaries,  though  other  species  of  the  same  genus  (or  Seri-a- 
salmo)  occur  elsewhere  in  South  America;  but  I  cannot 
vouch  for  the  truth  of  this  statement. 

The  Piranha  of  the  SSo  Francisco  is  strictly  a  fresh-water 
fish,  and  it  occurs  not  only  below  the  falls  of  Paulo  Affonso, 
but  also  above  them.  It  descends  tlie  river  quite  to  the  salt 
water,  but  never  goes  into  the  sea.     None  of  tlioae  I  saw  at 

*  I  have  spelled  this  name  as  I  heard  it  commonly  prononiieed.  Bates  writes 
it  Curimatd,  aad  so  does  PonEeca  in  his  dietioniuy.  Tlie  Tupi  dictionary  gives 
it  UurymaU!.  This  fish  helongs  to  the  genns  Anodus,  and  several  spedea  are 
very  common  in  the  Bradliail  rivers. 

.  t  All  the  fishes  collected  by  me  on  both  jonmeys  are  in  the  hands  of  Pro- 
fessor AgasaiK.  When  the  above  was  viritten  Professor  Agasuia  intended  to  con- 
tvibate  fo  this  volume  a  series  of  nrliclos  and  noles  on  the  fresh-water  fauiiie 
of  the  coast  I  explored,  bat  illness  has  prevented  his  preparing-  them. 

i  In  the  Tupf  dictionary  (he  word  "Piranha"  is  translated  smsois,  and  most 
writers  seem  10  suppose  that  the  name  was  given  to  the  fish  because  of  its  bcIs- 
sors-like  jawB.  The  Tupi's  knew  nothing  about  this  implement  before  the  com- 
ing or  the  Europeans.  Piranha  (root  Pira,  fish)  is  an  ancient  Tupi  name, 
and  it  was'  doubtless  afterwards  applied  to  tlie  scissors  because  ttiey  bit  like  tlic 
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PeiiSdo  were  more  than  twenty  inches  long,  hut  the  fisher- 
men say  tlmt  they  sometimes  grow  to  the  length  of  two  feet. 
The  upper  half  of  tlie  hocly  and  head  of  a  specimen  just 
caught  were,  when  seen  from  ahove,  of  a  dull  and  rather 
dark  bluish-gray  or  lead  color.  The  lower  half  of  the  head 
and  body  have  as  a  ground  color  an  opaque  white,  over 
which  is  a  wash  of  a  clear  bright  gamboge-yellow,  deepen- 
ing in  some  spots  to  a  rich  orange.  All  the  young  Piran- 
has I  saw  had  the  belly  of  a  rich  red-orange  or  blood 
color.  On  the  sides  the  yellow  is  sometimes  shaded  with 
light  gray,  and  the  yellow  or  orange  tint  extends  itself  up- 
wai-d  in  irregular  lines  over  the  dark  gray  of  the  back. 
The  pectorals  are  light  orange-yellow,  the  tint  deepening  in 
the  lower  and  middle  part  of  the  fin.  The  anal  fin  is  on 
the  thickened  base  grayish,  washed  with  a  light  clear  yellow 
tmt.  TTie  border  is  light  pui-plisli-brown.  The  dorsals  and 
caudal  are  a  dark,  dull  bluish-gray.  Tlie  iris  is  pearly  white, 
with  a  cloudy  patch  of  black  above  and  below  the  pupil.* 
During  the  freshets  tlie  water  overflows  the  low  grounds  and 
swamps,  and  the  different  kinds  of  fish  leave  the  river  proper 
and  enter  the  lagoons  and  quiet  overflowed  places  to  spawn. 


•  Garfner  (TravolB  in 

Brnzil,  p.  96)  ilescribes  the  Piranha  fish  as  follows ;  "  It 
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Tlie  fisliormcn  said  that  the  Piranha  also  loaves  the  river 
and  chooses  a  shallow  spot  witli  a  sandy  bottom  to  depos- 
ite  its  eggs.  Stoopmg  down,  the  fisherman  witli  whom  I 
waB  conversing  one  morning  took  up  a  Piranha  lying  be- 
fore him,  and  showed  me  just  how  tlie  eggs  were  laid. 
The  fish  having  chosen  tlie  proper  spot,  sweeps  away  tlie 
sand  witli  its  tail  and  anal  fin,  so  as  to  make  a  little  saucer- 
shaped  depression  four  or  five  inches  wide.  Tlie  eggs,  of 
about  the  size  of  mustard-seed,  are  then  laid  in  the  nest  in  a 
ball,  two  or  three  inches  in  diameter.  This  accomplished, 
the  mother  fish  takes  up  her  position  near  the  neat,  and 
keeps  watch  over  the  eggs  until  the  young  are  hatched,  for 
the  Piranha  has  enemies  in  the  hungry  little  Piabas,  which 
swarm  about  in  countless  numbers,  and  from  which  she 
must  defend  her  eggs.  Looking  over  a  large  lot  of  Piabas 
in  a  canoe,  I  found  it  difficult  to  obtain  a  perfect  specimen, 
on  account  of  tlie  mutilation  of  the  tail  and  fins.  "This  is 
the  Piranha's  work,"  said  tlie  fisherman,  "and  the  marks 
of  the  terrible  teeth  of  tiie  monster."  The  larger  fish  of 
the  river  also  bear  similar  scars. 

The  laying,  according  to  the  fisherman,  takes  place  prin- 
cipally, in  October,  or  soon  after  the  freshets  set  in.  Din- 
ing this  time  the  Piranhas  are  especially  fierce. 

One  fisherman  described  in  a  rivid  manner  his  finding  a 
Piranha  watching  its  nest  in  a  shallow  place  by  tlie  river- 
side. "  I  thought  to  catch  it,"  said  he,  "  and  waded  softly 
into  the  water  to  put  a  basket  over  it,  but  I  was  not  quick 
enough.  The  fish  dai-ted  at  me  and  took  a  piece  out  of  my 
leg.  Look  there !  "  and  rolling  up  his  pants  he  showed  a 
pair  of  crescentr^haped  scars  left  by  the  fish's  jaws.  Tlie 
fishermen  are  often  bitten,  and  almost  every  man  present 
had  scars  to  show,  eitlier  on  the  arms  or  legs. 
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The  fisliennen  united  In  saying  that  just  as  this  fish  is 
about  to  spawn  the  color  of  the  belly  changes  from  yel- 
low or  orange  to  the  same  color  as  the  back,  but  that  soon 
after  the  eggs  are  laid  the  original  color  returns. 

The  Piranha  frequents  rather  the  deeper  parts  of  the 
river,  aiid  abounds  in  tlie  eddies  among  tlie  rocks,  but  I 
have  seen  it  caught,  as  at  Pengdo,  close  in  shore,  where  the 
water  was  not  very  deep  and  the  bottom  was  sandy. 

During  my  stay  at  PenSdo  a  poor  little  idiot  sitting  on 
the  pier,  havmg  been  frightened  by  a  cannon,  fell  over  into 
the  river.  The  next  morning  the  Piranhas  caught  in  the 
vicinity  were  fomid  to  contain  portions  of  his  body.  There 
ai'e  numerous  well-autlienticated  cases  where  persons  have 
been  attacked  by  the  fish  while  bathing  and  devoured.  Only 
a  short  time  before  my  visit  to  PenSdo  a  young  lady  was 
thus  attacked  and  eaten.  A  horse  fording  the  river  shps 
and  wounds  himself  on  a  stone  ;  the  Piranhas,  attracted  by 
the  blood,  crowd  about  in  gi-eat  numbers,  each  cutting  out 
mouthful  after  mouthful  of  flesh,  until,  in  many  instances, 
the  voracious  creatures  have  been  known  to  devour  the 
entire  animal  in  a  few  hours.  They  sometimes  tlirong  about 
their  prey  in  such  numbers  that  they  may  be  seen  leaping 
one  on  top  of  tlie  other  out  of  water,  in  their  eagerness 
to  get  at  it.* 

So  far  as  I  could  learn,  these  fish  appear  to  be  particularly 

*  Batts  speiJis  of  the  great  swarms  of  Piranhas  in  the  Amnzonas.  Hum- 
boldt (Travels,  Tol.  II.  p.  167)  snya  of  the  Kranhas  of  the  Orinoco:  "The 
Indians  dread  extremely  these  caiibes ;  and  several  of  them  showed  us  the 
seal's  of  deep  wounds  in  the  calf  of  the  leg  nnd  in  the  thigh  made  by  these 
little  animals.  They  swim  at  the  bottom  of  the  rivers ;  but  if  a  few  drops  of 
blood  be  shed  on  the  water  they  rise  by  thousands  to  the  snrfoce,  so  tliat  if  a 
person  be  only  slightly  bitten  it  is  diffit^iilt  for  him  to  get  out  of  the  water  with- 


,db,Google 


mOVINCES   OF   SERGIPE  ASD   ALAGi5AS.  403 

dangerous  only  during  tlie  spawning  season.  During  my 
voyage  on  tlie  SSo  Francisco  I  saw  everywliere  bare-legged 
women  standing  in  tlie  water  on  the  banks  washing,  and 
tiiat  not  only  in  sandy  and  quiet  localities,  but  among  tlie 
rocks,  as  at  Propria.,  while  I  repeatedly  saw  men  wading  in 
the  water  and  boys  bathing  in  the  river. 

The  Piranha  is  much  esteemed  for  food,  and  may  ordina- 
rily be  found  for  sale  ui  the  market  at  PeiiMo, 

There  is  a  species  of  Serrasalmo  (?)  found  at  Penfido  called 
Pirampeba,  the  name  being  evidently  a  compound  of  the 
two  Tupf  words  Piranha  and  peba,  or  the  flat  Piranha.  This 
species  is  smaller  than  the  last,  very  much  flatter  laterally, 
and  of  a  silvery-white  below.  I  did  not  learn  that  it  pos- 
sessed any  of  the  voracious  propensities  of  tlie  Piranha.* 

Between  PenSdo  and  Proprid,,t  a  distance  of  about  sis 
Brazilian  leagues  up  the  river,  the  Sergipe  side  is  bordered 
by  low  hills,  some  of  which  are  irregular  and  isolated,  and 
composed  of  the  sandstone  above  described.  The  country 
hack  from  the  river  is  flat,  moderately  elevated,  and  appears 
to  be,  in  part  at  least,  tertiary.  On  the  AlagSas  side,  for 
some  distance  above  Boassica,  there  is  a  considej-able  stretch 
of  low  meadow-land.  At  Morro  Vermelho,  on  tlie  AlagSas 
side,  cretaceous  sandstones  show  themselves  on  the  shore, 
but  tlie  dip  here  is  approximately  to  the  N.  "VV.  15°.  They 
are  covered  by  red  drift^arth  and  great  quantities  of  quartz 
pebbles,  and  at  Prazeres,  half  a  mile  farther  up,  we  again 
see  tlie  same  sandstones  with  a  dip  of  about  18°.  In  this 
vicinity  the  massapiS  lands  bordering  tlie  river  are  about  fif- 
teen feet  in  height. 

*  Gardner  apealta  of  seeing  ciried  sliitgeon  expoi^ea  for  sale  In  the  market  at 
PerCdo.    There  are  no  sturgeons  in  South  America. 

t  This  is,  I  believe,  the  correct  ortliograiiliy,  Imt  it  is  often  written  Propia, 
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Mandioca  flourishes  well  below  Propria,,  and  is  planted 
as  well  oil  the  alluvial  river-banks  as  on  the  hillsides ;  but 
on  the  low  grounds  covered  by  the  enchente  it  cannot  come 
to  maturity.  It  is  usually  planted  in  February  or  March, 
and  is  generally  fit  for  use  in  a  year,  when  ijlanted  on  the 
uplands.  It  is  also  cuitivated  to  a  considerable  extent  on 
the  sloping  river-banks.  Just  before  the  enchente  it  is 
pulled  up,  and  is  eaten  sometimes  when  not  more  than 
six  inches  long.    The  river  begins  to  rise  in  October. 

One  mile  below  the  town  of  Propria,  on  the  Sergipe  side, 
is  a  small  hili  called  the  MoiTO  do  Chaves,  or,  as  Halfeld 
has  it,  Morro  do  Eusebio.  This  hill,  which  has  rocky  sides 
toward  the  river,  I  examined  in  company  with  my  friends 
Drs.  Brunet  and  Lacerda.  The  rocks  composing  it  consist 
of  a  series  of  limestones,  conglomerates,  shales,  and  sand- 
stones, the  whole  of  which  liave  a  strike  E.  15°  S.,  and  a  dip 
of  about  20°  to  the  N.  75°  E.  The  lower  strata  consist  of 
thick  beds  of  limestone,  calcareous  sandstone,  and  conglom- 
erate, some  of  the  layers  of  which  are  made  up  of  shells. 
Tliese  beds  are  well  exposed  on  the  side  of  tlie  hill  nearest 
tlie  town. 

This  limestone  is  usually  more  or  less  arenaceous,  and  often 
contains  grains  and  pebbles  of  the  underlying  metamoi'phic 
rocks,  so  as  to  form  a  calcareous  conglomerate.  In  some 
places  it  is  crystalline  and  metamorphosed.  It  is  used  to 
some  extent  for  burning  into  lime,  but  the  most  of  it  is  very 
impure. 

The  shells  so  exceedingly  abundant  in  some  parts  are 
lamellibranchs,  about  one  lialf  to  three  quai-ters  inch  in 
diameter,  and  with  very  thick  valves.  I  fear  that  even  the 
genus  is  wholly  unrecognizable.  Overlying  tliese  limestone 
beds  are  shales,  rather  soft,  not  well  laminated,  calcareous. 
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1,  and  of  a  greenish  color,  in  which  I  found  a  largo 
quantity  of  bones  of  teleostean  fishes,  and  an  impression 
which  had  the  outline  of  the  tooth  of  a  Notidanus.  A  fur- 
ther examination  of  these  shales  may  reveal  somethmg  of 
more  interest. 

Going  aroimd  the  hill  we  come  to  a  break  which  extends 
from  the  top  of  the  hill  to  the  bottom,  and  in  wliich  we  find 
a  confused  mass  of  broken  pieces  of  sandstone. 

This  series  of  rocks  I  have  referred  to  the  cretaceous. 
Farther  up  the  river  we  see  no  mesozoic  rocks. 

On  Halfeld'a  map  a  note  says  that  in  the  Morro  do 
Eusebio  there  is  a  camada  de  cal  em  gneiss  granito,  a  bed  of 
limestone  in  gneiss-granite.  This  is  not  correct,  as  is  seen 
from  the  above  description.  Tlie  limestones,  shales,  &c., 
overlie  beds  of  clay  slate,  which  I  saw  very  badly  exposed 
on  the  river-side.  There  appears  to  be  a  distinct  slaty 
structure  to  tlie  rock,  but  I  did  not  see  enough  of  the  for- 
mation to  enable  me  to  make  out  the  bedding.  I  have  seen 
no  rock  like  this  elsewhere  on  the  coast  of  Brazil. 

PropriS,  itself  is  built  on  the  river-bank,  and  has  in  front 
of  it  ledges  of  Saggy  gneiss  and  mica  slate,  with  a  north- 
west strike  *  and  a  dip  toward  tlie  southwest.  It  is  only 
a  small  village  of  little  importance,  because  the  lands  of 
tlie  vicinity  are  not  very  productive,  yet  it  exports  some 
cotton,  hides,  &c.  A  little  lake  near  the  town  is  said  to 
abound  in  fish,  and  to  furnish  a  considerable  revenue  to 
the  village  government.     Opposite  Propria  the  lauds  are 

*  This  strike  is  almost  at  riglit  angles  with  that  of  the  rocks  of  llie  Serra 
So  Mar,  but  it  corresponds  to  that  of  the  gneiss  hills  between  Cape  Corrieniea 
and  Tapalqucn,  and  of  the  gneiss  neai'  Montevideo,  in  which  the  direction  is 
■W.  25°-30=  N.  D'Orbigny  thinks  that  the  system  of  upheaval  by  which 
these  exti'a-BraailiBn  rocks  were  disturbed  was  voiy  nearly  as  old  as  that  wliith 
disiuibed  the  gneiss  of  tlia  Serrn  do  Mar. 
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very  low  and  flat  over  a  ^ery  large  area.  Eelimd  tliem  are 
seen  the  tertiary  chapadas  lying  a  few  miles  off.  When 
the  enchente  comes  on  the  river  rises  some  fifteen  to  twenty 
or  more  feet  here,  and  converts  the  low  grounds  just 
spoken  of  into  a  magnificent  lalce-like  expansion. 

Between  Propria  and  Sao  Eraz  the  land  is  still  low,  but 
the  hills  are  of  gneiss  and  rounded.  The  rocks  frequently 
show  themselves  along  the  river-side,  the  dip  being  usually 
up  stream,  though  at  Agua  Coraprida  I  observed  a  dip  down 
stream. 

The  hills  in  the  vicinity  of  LagSa  Oomprida  are  300  -  400 
feet  high,  witli  rounded  outlines  and  steep  sides,  which  are 
well  wooded.  Farther  up  tlie  river-banks  grow  higher  on 
the  Sergipe  side.  There  are  very  irregular  cliffs  of  gneiss, 
broken  and  rough,  and  almost  like  those  of  our  northern 
gneiss  regions.  Tlie  country  in  tlie  vicinity  is,  generally 
speaking,  not  very  fertile,  but,  on  the  Sergipe  side,  two  or 
three  miles  from  the  river,  the  hillsides  are  highly  culti- 
vated, presenting  an  unusual  and  pleasant  appearance,  Tlie 
same  gneissose  and  mica-schistose  rocks,  often  traversed  by 
large  veins,  are  well  seen  hi  tlie  bluffs.  Their  strike  varies 
little,  and  the  dip  is  southwest,  varying  from  nearly  hori- 
zontal to  forty-five  degrees.  The  river  thus  follows  the  same 
general  direction  as  the  strike  of  the  rocks. 

In  front  of  Traipu,  on  the  opposite  or  Sergipe  side,  there 
is  a  range  of  high  hills,  with  steep  bluflp  sides  towards  the 
river,  and  a  long  slope  from  it.  It  is  composed  of  gneissose 
and  schistose  beds,  which,  inclined  at  a  rather  high  angle, 
dip  away  from  the  river.  Lying  on  the  southern  slope  of 
these  hills  is  a  thick  bed  of  a  compact  rock,  which,  in  the 
steep  rocky  sides  bordering  tlie  river,  as  well  as  in  the  trans- 
verse valleys  separating  the  hills,  forms  a  line  of  bluffs. 
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Tn  1  u  18  a  little  villige  of  no  importtiiee  on  the  Alag8as 
siIl  U  this  place  i  sppcimen  of  specular  uon  oie  said 
tc  hTie  come  fiom  iieai  Pao  d  Assucai,  wis  presented  to 
me  It  s  e  [ual  in  richness  to  the  ^wedi&h  ii  n  oiet,  ind 
ifmi^oiLi  1    i  11  1      le 


At  Maica^ao  flaggy  gnei&s,  very  legular  in  stiatification, 
is  exposed  on  the  shore.  Strike  N.  35°  W.  Dip  35°  S.  W. 
A  short  distance  ahove  Traipii  the  same  rocks  with  a  north- 
east dip  are  seen  on  hoth  sides  of  the  river. 

The  country  above  the  Sen'a  de  Tabanga  becomes  every 
mile  more  and  more  rocky  and  barren,  while  the  vegetation 
becomes  more  sparse,  consistmg  of  small  bushes  with  a  gle^t 
abundance  of  bromeliaceous  plants  of  sevenl  species  Of 
these  last  there  is  a  very  common  one  known  as  macambna, 
witli  narrow  leaves,  bearing  along  their  maigin  long  hooked 
spines  arranged  wide  apart.  This  plant  furnishes  i  stiong 
fibre,  and  during  the  dry  season  its  roots  contubute  laigely 
to  support  the  cattle. 

Several  species  of  Cereus,  some  of  which  attain  the  size 
of  lai'ge  trees,  grow  thickly  over  the  rocky  hillsides,  and 
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form  one  of  the  most  characteristic  features  of  tlie  vegeta- 
tion. One  of  tliese  is  the  Chique-Cliique,  so  common  on 
barren  and  arid  lands  in  the  interior,  and  so  often  described 
by  travellers. 

One  never  sees  the  Chique-Chique  in  the  zone  of  forest 
and  fertile  lands  bordering  the  coast,  but  as  the  forests  dis- 
appear it  makes  its  appearance,  and  soraetiraos  gi-ows  to 
the  height  of  forty  feet.  Melocacti*  also  abound,  together 
with  opiintias.t  Witli  tliese  are  t^sociated  many  species  of 
croton  and  of  sapotaceous  plants.  There  is  a  species  of 
Bignonia,  B.  Tecoma  Mart.,  veiy  common  on  the  hills  and 
shores,  sometimes  growing  to  a  height  of  forty  to  fifty  feet, 
with  a  trunk  three  or  four  feet  in  diameter.  Its  foliage  is 
very  light  and  the  flower  is  yellow. 

The  Joaaeiro  (^Zizyplius  Joazeiro),  a  very  beautiful  tree 
with  dense  heavy  green  foliage,  is  quite  frequently  seen  on 
the  river-banks,  together  with  species  of  Azolla,  Mimosa, 
Geoffroi/a,  Peltophoruvi,  &e. 

Along  the  river  here  the  meadow  lands  have  become  very 
much  narrowed  down,  and  occupy  only  littie  bays  among 
the  hills,  tiiough  sometimes  these  ai-e  only  shut  off  &om  the 
river  by  beaches,  and  form  lagQas,  numbers  of  which  we  find 
all  along  the  river.  The  elevated  country  is  of  use  only  for 
pasturing.  The  thinness  of  the  soil  is  not  the  only  reason 
why  the  vegetation  is  so  sparse  and  peculiar.  Tlie  surface  is 
yearly  burned  over  during  the  dry  season,  when  tlie  cattle 

«  One  of  tlie  most  interesting  of  these  curious  cactuses  is  a  large  species 
described  by  Gardner  under  the  name  of  Melocactas  Hookericams. 

t  Gardner  speaks  of  the  occurrence  of  a  species  of  cochineal  insect  on  the 
leaves  of  these  plants.  Dr.  Bi'iinet  called  mj-  attention  to  the  sanie  fact,  and 
asEured  me  that  there  was  no  reason  why  ihe  insect  should  not  iiu  successfully 
cultivated. 
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feed  on  the  cactuses  and  the  roots  of  tlie  bromoliaceous 
plants. 

The  meadow  grounds  are  sandy  and  not  very  fertile,  but 
during  tJie  time  when  the  river  is  low,  mandioca,  rice,  beans, 
cotton,  maiidubi  *  (^Arachis  hypogcea  Linn.)  or  the  pea- 
nut, ai'e  planted,  and  in  front  of  the  numerous  fazendas 
de  gado,  or  cattle  estates,  and  villages  the  green  plots  of 
these  plantations  bordeiing  the  river  appear  in  cheerful  con- 
trast with  the  hills  behind,  which  are  scattered  all  over  witli 
loose  blocks  of  stone,  and  bristle  witli  cactuses. 

The  country  in  the  vicinity  of  Curral  das  Pedras  is  roll- 
ing, and  not  very  high. 

At  Jacobina  there  is  a  lagfia  where  much  rice  is  planted. 
One  man  makes  more  than  1,000$000  per  year  by  renting 
it  for  this  purpose. 

At  Intaes  there  is  a  group  of  high  hills  near  the  river, 
while  otliers  are  seen  in  the  distance  on  both  sides,  but  the 
country  continues  with  the  same  general  chai'acter  nearly  to 
P§lo  d'Asaucar.  At  LagSa  Funda,  AlagSas  side,  strike  N. 
30°  E.,  dip.  N.  W.  3°  -  40°.t     Flaggy  gneiss. 

Looking  ahead  from  this  point  there  is  a  very  fine  view, 
tlie  country  still  presenting  the  same  low  flat  lairds,  but  be- 
yond we  Bce  the  irregular  tops  of  higher  hills,  which  appear 
to  be  of  a  different  structure.  At  Cajueiro  (AlagGas)  strike  f 
N,  36°  E.,  dip  30°  N.  W. 

Passing  the  island  of  Sao  Pedro  the  river  narrows  wliile 

*  This  curious  nnd  well-known  plant  is  o  native  of  Afiica.  In  Brazil  iC  goes 
by  tlie  name  Amaidmia,  Martdiilri,  and  MaiidiiMm,  The  second  form  appears  to 
ba  the  correct  one.  The  name  h  of  African,  not  Tnpi,  ori^n.  This  plant 
is  largely  cultivated  in  Brazil,  and  is  used  fbr  the  making  of  sweetmeats.  It 
pYoduees  an  oil  employed  for  burning  and  the  manufacture  of  soap. 

t  Botli  these  observations  wore  made  as  we  passed  close  along  shore  in  the 
steamer,  and  were  carefully  taken.     Halftld  makes  tlio  striko  northwest- 
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the  hills  become  much  higher  aiid  excessiyely  i-ocky,  theu- 
sides  being  covered  with  blocks  of  stone.  The  rock  is  still 
gneiss,  traversed  by  many  veins. 

A  little  beyond,  tJie  view  opens  out,  and  one  looks  up  to 
the  town  of  Pao  d'Assiicar,  built  on  the  low  ground  bor- 
dering the  slioic  with  ■\  will  of  hi„h  hills  in  tbe  background, 
and  ovei  them  seen  iway  in  the  distance,  ai'e  the  blue  tops 
of  tiie  Sella  do  Pao  d  Aasucai 

PSo  d  Assucai  is  a  coiitsi  lerable  village  built  ou  the  Ala- 
gSas  side  of  the  iivci  on  a  hi„h  narrow  strip  of  alluvial 
ground  In  tli  s  viemity  these  alluvial  lands  have  a  con- 
siderable e\teni5ion   anl  aie  well  planted. 


The  rocks  at  PSo  d'Assucar  are  gneiss,  but  siliceous  ind 
flaggy.  At  the  upper  end  of  the  village  theie  is  a  hi^h, 
sugar-loafed  hill,  which  gives  tlie  name  to  tbe  loeilitj  Thi& 
is  one  of  a  number  of  hills  which  together  form  a  range 
ininning  southeast,  crossing  the  river  here,  being  continued 
on  the  opposite  side.  The  gneiss  is  vertical,  and  has  a  strike 
of  N,  40°  W.  It  is  seen  in  the  same  position  in  a  prom- 
inent bluff  opposite  tlie  town  on  the  Sergipe  side.  Between 
the  town  and  tbe  hills  behind  are  some  quite  extensive 
lag3as,  on  tbe  borders  of  which  rice  is  planted.  I  ascended 
the  PSo  in  company  witii  Mr.  Branet.  From  tlie  top  is 
one  of  the  finest  views  I  have  seen  in  Brazil. 
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In  the  vicinity  of  PSo  d'Assucar  are  very  many  cattle 
fazendas,  to  which  belong  great  numbers  of  cattle,  and  on 
which  cheese  (requeijiiii)  aiul  }ii(5c£  *  are  manufactured. 


Immediately  above  Pao  d'Assucar  the  river  narrows 
much,  and  the  banks  become  still  more  steep  and  craggy, 
varying  hi  height  from  two  to  tliree  or  four  hundred  feet. 
The  hills  bordering  the  river  seem  to  be  conical  or  dome- 
shaped,  but  are  really  in  most  cases  the  ends  of  ridgea 
cut  across  obliquely  by  the  river. 

In  proportion  as  the  river  narrows,  the  alluvial  deposits 
on  its  banks  grow  liigher,  and  at  Entre  Monies,  an  esceed- 

*  The  hides  are  [aTined  in  sfono  vnts,  of  which  each  fnienda  poEsesses  one 
or  more  The  process  ia  as  follows  ;  The  hides  are  cut  in  two  lengthwise  and 
soaked  m  ihe  river  They  are  then  placed  in  vais  in  alternate  layers  of  hides  and 
the  Hshea  of  BamuTia  (Melanoxylon)  or  Catkga  de  Porco.  At  the  raid  of  three 
days  the  hair  is  removed  They  are  then  scraped  and  placed  once  more  in 
the  vats  with  the  bailt  of  Aiigico  stamped  with  water.  This  bark  is  removed 
three  times  in  the  tanning  of  the  hest  skins,  the  bark  remaining  each  time  a 
fortnight  on  the  hides  Tlie  process  is  finished  by  washing  the  skins  and  ex- 
tending theni  over  polos  in  the  snn,  when  they  ate  pressed  into  boxes  for  expor- 
tation.  Many  goat-skins  are  prepared  in  the  same  way.  At  PenSdo  I  saw  a 
shoemaior  blacking  leather  by  mhbing  it  over  with  mud  &om  the  bottom  of 
a  pond  near  by.  He  nsBnred  tnc  that  he  nsed  no  other  preparation,  and  that 
the  mnd  alone  gave  a  rich  black  color. 
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ingly  picturesque  little  village  built  in  a  notch  among  hills 
some  seven  hundred  feet  in  elevation,  tliese  flats  are,  I  should 
judge,  at  least  fifty  feet  high.  At  AUegria  and  Coleite 
the  rock  is  red,  very  homogeneous,  and  compact.    The  river 


becomes  so  naiTow  that  in  some  places  it  is  not  more 
than  four  hundred  feet  across,  while  the  precipitous  rocky 
walls,  tlirce  or  four  hundred  feet  high,  make  the  scenery 
of  this  part  of  the  river  exceedingly  fine  and  beautiful. 

Porto  das  Piranhas  is  a  miserable  little  village  built  on  a 
sand  and  gi'avel  bank  on  the  AlagSas  side  of  the  river,  at 
the  foot  of  the  hills,  which  rise  with  steep  sides  to  a  height 
of  about  seven  hundred  feet,  if  not  more.  The  liver  here 
is  somewhat  tortuous,  with  rocky  shores  and  occasional 
rocks  and  ledges.  At  tlie  upper  end  of  the  village  is  a  sugar- 
loafed  hill  wbicli  I  found  to  be  composed  of  gneiss,  —  strike 
N.  20°  W.,  dip  vertical. 

I  had  been  told  tliat  the  country  on  top  of  the  liills 
is  flat.  I  climbed  in  a  miserable  rain-storm  to  the  sum- 
mit of  tlio  steep  slope  beliind  Piranhas,  a  height  of  welhiigh 
seven  hunclrcd  feet,  from  which  in  the  intervals  between 
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the  showers  I  was  able  to  look  over  the  whole  country. 
Inatead  of  finding  a  chapada  or  absolute  plain  lite  that  of 
the  tertiary  regions,  as  I  liad  been  led  to  expect  I  found  the 
,1  surface  country  remarkably  even,  but  cun^istmg  of 


a  great  number  of  very  low  ridges  whose  summits  all  came 
to  nearly  the  same  level.  In  the  distance  on  both  sides 
of  the  river  serras  or  short  chains  of  high,  irregular  hills 
were  visible.  Tlie  whole  seemed  to  be  formed  of  gneiss 
and  other  metamorphie  rocks.  Tlie  surface  of  the  slope 
and  top  was  tliickly  strewn  with  blocks,  usually  angular,  and 
of  the  same  material  as  the  surface  on  which  they  lay  ;  how- 
ever, I  did  observe  a  number  of  boulders  of  a  red  syenite  lying 
on  gneiss ;  but  tliey  could  not  have  come  from  far,  for  I  saw 
the  same  material  in  place  quite  close  to  the  edge  of  the 
river  valley  above.  Soil  tliere  was  scarcely  any,  and  the 
red  clay  and  pebble  sheet  were  absent.  Rounded  boulders 
were  abundant.  It  is  not  possible  that  these  boulders  could 
have  been  the  result  of  decomposition,  for  this  action  has 
obtained  here  to  only  a  vciy  slight  extent.  My  stay  at 
Piranhas  was  necessarily  limited  to  a  few  hours,  wliieh  I 
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very  much  regretted,  for  I  liavc  seen  no  region  on  the 
Brazilian  coast  where  polished  and  scratched  surfaces  would 
be  more  likely  to  be  preserved  than  here. 

Halfeld  gives  it  as  his  opinion  tliat  gold  may  he  found 
in  the  vicinity  of  Porto  das  Piranhas,  but  I  do  not  consider 
it  probable.  The  same  author  describes  the  country  from 
Piranhas  to  the  celebrated  falls  of  Paulo  Affonso  as  being 
remarkably  even,  and  composed  of  granite,  which  is,  I  sup- 
pose, compact  gneiss,  or,  in  part  at  least,  syenite  ;  the  rock 
over  which  the  falls  precipitate  themselves  being  of  tlie 
same  material.  My  good  friend  Mr.  Franz  Wagner  of  Ba- 
hia,  who  tarried  behind  our  party  to  visit  the  falls,  said 
that  the  rock  was  sandstone.  Burton  speaks  of  sandstone 
as  occurring  there,  and  of  a  conglomerate  at  the  rapids  of 
Itaparica,  a  short  distance  above  tlie  falls. 

On  the  road  to  the  falls  from  Porto  das  Piranhas  is  a 
serra  called  Serra  d'Olho  d'Agua,  where  occurs  a  sandstone. 
This  rock,  according  to  the  reports  of  some  fiiends  who 
visited  the  falls  shortly  after  I  left  Piranhas,  is  white  and 
much  denuded.  Halfeld  represents  it  as  dipping  irreg- 
ularly from  tlie  hills  northward  and  northwestward,  and 
he  indicates  a  locality  where  sandstone  occurs  at  tlie  Ca- 
choeira  Cancamunfd  d'Actma. 

The  Palls  of  Paulo  AfFonso  are  situated  about  56  leagues, 
or  168  miles,  from  the  sea.*  I  have  not  been  able  to  visit 
them,  so  I  translate  a  few  selections  from  Halfeld's  descrip- 
tion of  the  cataracts  and  of  the  neighboring  country :  f  — 

"  The  first  fall,  U  palms  6  inches  [about  33  feet]  in  height, 
throws  itself  into  a  basin  garnished  by  granitic  roclia  almost 
perpendicular,  and  sometimes  even  overhanging  tho  river;  fi-om 

*  Liais  says  300  kilometrCB. 

t  I  quote  from  hie  K-cplora^o  do  Rio  dc  Sao  Framiseo. 
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this  basin  tl  e  mer  mikes  a  shaip  turn  to  the  left  at  a  i  ^lit  in 
gle  and  jirecipitites  itself  betneen  steep  rocks  mto  the  bottom  of 
an  abyss  66  palms  and  I  inch  m  height  tmnsf  rmin^  tbemselies 
ui  confiequence  of  this  leap  apparently  mti  milk  f^im  CT,etmj  ind 


blonin^  i-p  simil  ir  to  tho  explosion  of  a  mine  peit  miBscs  of 
T\ater  into  the  an  whuh  are  turned  mto  a  v^poi  that  nfes  ?till 
higher  Tianbfeired  h-)  thi9  fall  mfo  a  iwen  of  inilk  the  w\ 

teis  pteeipitate  themselves  in  great  billows  and  wnes  and  be 
tneen  ttwerin^  masses  ot  ^lanite  bed,tnig  at  a  right  angle  against 
the  left  bank  of  the  iiver  This  side  consists  of  a  native  gran  te 
rock,  which  is  365  palms  [about  250  feet]  high  above  the  surface 
of  the  water,  and  having  atill  120  palms  of  dopth.^ 

*  I  regret  not  to  be  able  to  give  a  better  view  of  these  falls,  but  tho  photo- 
graph from  which  it  was  drawn  was  not  a  good  one.  I  am  assured,  howeyer,  it 
givea  a  better  idea  of  the  falls  than  any  other  sketch  jet  publiahed. 

1  "Kesserr^  entre  denx  immeiises  raurnilles  de  pierre,  i!  eonle  d'abord  en 
ton'ent  et  snv  un  fond  dont  la  deelivite  accroit  ia  vilesse,  pnis  tout  h  coup  il  es 
predpite  en  trois  ehutes  conse'cutiveB  dont  la  hanleur  r^unie  et  de  B4  mfetrea. 
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"  The  lui]  etus  with  whith  tho  waters  precipitate  themselves 
against  this  wall  m  ilces  them  constantly  ^cend  and  descend  from 
the  pomt  of  contact  with  the  rock  On  the  right  they  descend 
m  a  right  angle  to  the  bed  of  the  iiver  below ;  but  to  the  left,  aa 
thej  hiie  no  way  of  egress,  they  produce,  in  conseqnenoe  of  their 
advancing  ind  letiimg  movement,  a  come-and-go  like  the  waves 
of  the  sea  on  the  slioreB  from  whiuh  has  resulted,  for  thouaauds 
of  J  ears  up  to  the  present  time  Eot  only  the  wearing  away  of  the 
rock,  and  the  fomntion  of  i  little  ba> ,  but  even  of  a  cavern  in  the 
lock,  whiuh  18  444  palms  m  lea^th,  •ind  whose  month  is  80  palms 
high  and  40  broad,  divided  in  the  interior  into  two  great  halls,  the 
dwelling-place  of  thousands  of  bats,  and  for  this  reason  called 
Fnma  doa  Morcegoa 

"The  rock  in  which  ihiafuma  is  formed,  as  well  as  in  all  the  ex- 
tension of  the  Caohoeira,  is  of  the  hardest  granite,  of  a  fine  grain, 
and  in  truth  it  is  incomprehensible  how  it  should  he  possible  for 
tl  e  waters  to  form  uch  a  civem  m  %  lock  f  so  great  hardne^  I 
am  in  1  ned  to  ittiibutc  this  fict  t  tl  e  c  icumstin  e  tl  \t  the 
^ramte  m  the  directi  n  f  the  cavern  &•,  well  as  n  that  of  the 
iiYci  fiom  the  a  outl  of  the  ci^em  bplow  to  the  Riacho  la  <  an 
f,orri,  presents  manv  veins  of  cdkue  is  spar  of  flesh  c  loied  feld 
spai  and  quaitz  which  have  a  thi  kiess  of  J  to  5  mches  The 
gfimte  by  the  gides  of  tl  e'iO  veins  is  less  hard  and  sometmiea  i^ 
decomposed  ind  saturated  n  th  m  ir  ate  of  so  H  [salt]  m  s  i  h 
■abundance  that  those  Him;  near  th  fall  m  no  th  s  itone  on  a 
small  scUe  to  extioct  the  fait  T  ai     nolined  to  thmk  that 

the  c  rcuHiatawoes  now  mdi  ated  with  lespect  to  the  leady  decom 

La  dem  6re  de  cee  chutes  la  plus  gnnde  des  tro  s  n  a  pas  mo  ns  tie  10  metres 

d'altitnile Ln  compression  de  1'air  i.  la  surface  des  eaux  apres  la  chute  est 

telle,  qu'une  pierre  lanci^a  avec  la  pins  grandB  force  ne  pent  r&ister  an  vent 
resultant,  de  sorte  qne  sa  vitesse  est  an^antle  apies  nn  parconrs  de  6-7  nitres. 
Cotte  particniariti?  a  n!piindu,  parmi  les  habitantB  des  environs  I'opinion  qne  le 
lieu  de  la  cascade  est  encUanlu,"  (Liais,  Balldin  de  la  Soc.  de  Gi^g.,  5"'  Serie, 
XL  pp.  390-392.) 
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position  of  tiiat       k  th    >i    adth  wh  1    con  p      s  all  the 

veins  mentioned  p  bably  d  t  rm  ned  th  ui  t  f  the  cav- 
ern below,  —  a  n  tni  wl  h  w  Id  h  g  n  pla  e  to  the 
formation  and  p  nt  t  f  th  i  11  wl  b  1  la  really 
excavated  in  th  1  f  a  07  at  d  tan  n  b  tl  sides  of 
the  ateep  banks  f  th  th  il  j  nte  a  pi  w  thout  hills 
or  serras,  whicl  could  ha  d  t  m  ned  th  « ta  t  f  Paulo 
Affonso, 

"From  Paulo  Affonso  down  tho  river  to  Porto  das  Piranhas, 
the  waters  of  the  river  are  narrowed  and  run  with  many  falls 
between  steep  rocks  of  350  to  800  palms  in  heig,ht,  which, 
with  the  exception  of  a  very  few  places,  as  at  Porto  do  Salgado, 
Monto  Eseuro,  Sitio  Novo,  &o.,  are  inaccessible  to  allow  of  descent 
to  the  river.  These  cliffs  are  commonly  called  here  Talliado  [or 
Talhadao],  since  the  width  of  tho  river  is  generally  reduced  to  a 
few  hundreds  of  palms  and  sometimes  less,  as  in  the  falls  of  the 
Gai^anta,  where  the  riirer  is  only  85  palms  wide,  and  runs  like 
a  mill-race  between  perpendicular  walls  of  rock  350  palms  in 
height." 

The  falls  of  Paulo  Affonso  are  of  the  same  class  as  those 
of  the  Jequitinhonha  at  Salto  Grande.  In  both  cases  a  large 
river  just  before  it  reaches  the  edge  of  the  plateau,  and 
flowing  a  broad  stream  with  a  wide  flood  plain,  dashes  first 
down  a  slope  forming  a  series  of  rapids,  and  then,  a  few  miles 
farther  on,  contracting  suddenly,  plunges  in  a  ma^iilicent 
series  of  cascades  and  rapids  into  a  narrow  valley,  in  which, 
with  a  swift  and  rock-impeded,  course,  it  descends  to  tlie 
coast  plains,  where  it  spreads  out  widely  and  flows  calmly, 
proudly  on  to  the  sea.  The  river  is,  so  to  speak,  strangled 
in  the  MtreitOy  or  Talhadao.  As  the  rooks  of  the  regions 
cut  through  by  tlio  falls  of  Salto  Grande  and  Paulo  Affonso 
arc  both  crystalline  and  highly  inclincdi  it  is  manifest  that 
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their  retrocession  must  have  operated  in  a  very  different 
manner  from  tliat  of  the  falls  of  Niagara,  and  that  the  time 
occupied  by  the  excavation  of  the  gorge  below  the  Brazilian 
falls  cannot  be  estimated  according  to  the  same  rule.  I 
should  judge  that  the  falls  of  Paulo  AfFonso  ai'e  finer  than 
those  of  Salto  Grande  at  ordinary  times  ;  but  when  the 
Jequitinhonha  is  swollen  tlie  Salto  must  be  a  grand  sight. 
Botlv  these  falls,  as  navigation  on  the  coast  and  on  tlie  rivers 
becomes  more  prompt  and  commodious,  will  erelong  be- 
come well  known  to  travellers.  Burton,  who  visited  Paulo 
Affonso  in  1867,  says,  that  if  Niagara  be  tlie  monarch  of 
falls,  Paulo  Affonso  is  the  king  of  rapids.  Liais  thinks  that, 
seen  close  at  hand,  the  latter  exceed  the  former  in  magnifi- 
cence.* 

Halfield,  speaking  of  the  Eiacho  da  Vaca,  says :  f  "At  its 
mouth  on  the  south  side  of  tlie  river  is  the  Lagi5a  da  Pedra, 
where  I  foimd  tlie  fossil  hones  of  a  mastodon.  The  lagoon, 
which  consists  of  a  concavity  or  basin,  is  suiTounded  by  great 
cliffs  of  the  said  rock,  and  is  seventy  paces  in  length,  ten 
in  width,  and  ten  to  twenty-five  palms  in  depth.  It  was  full 
of  eariJi,  sand,  and  gravel  in  beds.  Of  these  the  lower  about 
twenty  years  ago  contained  the  bones  of  a  mastodon.  The 
neighbors,  residents  of  tlie  Lagfia  da  Pedra,  had  commenced 

*  "  Vue  &  distance  la  cascade  de  Miagara  I'emporte  done  en  magnificence 
eav  ceile  da  Paulo  Affonso,  mais  de  pros,  I'avantflge  est  ponr  le  San -Francisco, 
dont  les  cans  fuiiensea  se  rdbicnt  avec  pins  de  yiole nee  et  forment  une  sine 
d'imraenseB  vagues  ohargiSes  d  icume  L  eftet  de  ccs  giandea  vagiies.  d'oti  sort, 
comme  de  la  chute  die  merae  une  gigantfEqne  colonne  de  vapeur,  ajoute  it  la 
splendeur  dn  spectacle  et  In  force  cipaneive  de  I'air  qtie  les  eaus,  dans  cet 
&tn>it  canal,  entiainent  et  cumpnmi^nt  an  pied  de  la  cliute,  prodnit  nne  sorte 
d'ouragan  dont  la  puniancG  contnbne  h  accroiire  I'extension  de  celte  immense 
colonne  de  poussieie  aqiieose. '  (Liais,  Sulletin  de  la  Soc,  G4ag,,  6°"  SiSrie,  XI. 
p.  391.) 

t  Desi;ription  of  the  328th  lengHO. 
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to  dig  out  tliis  cavity,  in  order  that  it  tniglit  be  made  to 
serve  as  a  reservoir  for  the  water  of  the  raina,  aud  as  a. 
drinking-place  for  cattle  ;  tliere  tlien  appeared  at  tlie  cutting 
the  bones  of  a  mastodon,  which  they  threw  outside  tlie  basin, 
but  the  intended  excavation  was  never  completed,  and  two 
thirds  of  its  length  remained  full  of  soil  in  which,  at  the 
liead  of  the  ancient  opening  still  appeared  the  points  of 
bones  of  large  dimensions."  Prom  this  vicinity,  a  few  years 
ago,  an  immense  collection  of  bonea,  teeth,  &g.,  of  masto- 
dons were  collected  and  sent  to  Rio,  where  they  may  now 
he  seen  in  the  Public  Museum. 

"  The  country  for  a  considerable  distance  around  the  hill 
mentioned  presents  an  extensive  plain,  over  which  are 
found  dispersed  thousands  of  enormous  loose  rocks  of  gran- 
ite, and  sometimes  superimposed  one  on  the  other,  and  set 
sometimes  only  upon  a  point  or  very  small  base  without 
falling." 

I  have  already  remarked  the  character  of  the  country 
above  the  Serra  de  Tabanga,  the  want  of  a  soil,  the  way 
in  which  tlie  surface  is  strewn  by  blocks  of  stone,  aud  also 
the  little  amount  of  disintegration  which  it  has  suffered.  I 
cannot  conceive  how  these  loose  masses  could  have  resulted 
from  decomposition,  without  showing  some  evidence  of  it 
in  a  much  decomposed  surface  and  an  abundant  soil.  Tlie 
surface  of  the  country  looks  precisely  like  that  of  om'  drift- 
covered  regions  of  the  North. 

Halfeld  states  tliat  granite  occurs  as  the  foundation  rock 
of  the  country  for  many  leagues  up  the  river  beyond  the 
ialls.  The  term  as  used  by  him  is  rather  too  comprehensive, 
and  may  comprise  gneiss  and  syenite. 

The  Serra  de  Itaparica,  which  forms  a  long,  sharp-backed, 
narrow  ridge  720  palms  high,  wliicli  runs  from  the  river  nine 
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leagues  above  the  Oachoeira  de  Paulo  Affonso  to  tlic  west- 
ward for  several  miles,  ia,  according  to  the  eame  author,  com- 
posed of  sandstone.  "  The  sandstone  in  the  top  of  the 
serra  is  of  a  fine,  but  tlie  lower  beds  are  of  coarse  grain  to 
the  base,  which  is  situated  upon  granite  of  extreme  hard- 
ness, where  it  forms  beds  of  coarse  gravel."  *  This  sand- 
stone is  doubtless  of  the  same  series  as  that  of  the  Serra 
d'OUio  d'Agiia,  Many  of  tlie  other  hills  of  tJie  vicinity  are 
also  composed  of  this  sandstone. 

The  whole  country  was  evidently  once  overspread  by  a 
sheet  of  this  rock,  and  has  subsequently  suffered  very  exten- 
sive denudation. 

The  climate  of  tlie  Lower  SSo  Francisco  presents  some 
interesting  features.  On  the  coast  rains  are  frequent  and 
plentiful,  and  along  the  shore,  as  already  remarked,  there 
is  a  belt  of  forest.  Inland,  however,  the  climate  becomes 
more  diy  ;  three  or  four  montlis  of  the  year  —  June,  July, 
and  August  —  are  usually  without  rain,  and  everything  dries 
up.  The  heavy  rains,  as  a  general  thing,  begin  in  March, 
The  river  rises  to  a  great  height,  and  sometimes  overiiows  the 
high  banks  on  which  the  towns  of  Propria  and  Piranhas  are 
built,  inundating  the  lower  stories  of  the  houses.  At  botli 
places  I  saw  the  muddy  line  along  the  fronts  of  the  houses 
left  by  the  last  freshet.  Such  an  immense  volume  of  water 
pouring  tumultuously  through  the  racecourse-like  channel 
between  the  falls  and  Piranhas,  and,  as  at  PropriS,,  spread- 
ing out  over  and  inundating  the  extensive  low  grounds, 
converting  them  into  a  great  lake,  must  be  a  grand  spectacle. 
The  annual  overflow  takes  place  in  October  and  lasts  until 
March,  during  which  time  it  is  raining  in  the  highlands. 

Nothing  strikes  one  more  strongly  on  the  Sao  Francisco 
*  Explora^ao  do  Rio  de  Siio  Fmacisco,  p.  44. 
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than  tlio  regularity  with  ■which  the  -winds  rise  and  blow.  In 
the  morning  I  used  to  look  out  of  my  window  at  PenSdo ; 
all  was  still,  and  tlie  river  was  without  a  ripple.  Canoes 
and  montarias  dropped  down  on  the  current,  and  all  was 
repose.  About  nine  o'clock  *  a  breeze  from  the  sea  stole 
over  the  water,  ruffling  its  surface  witli  ripple-patches ; 
this  increased  gradually,  until  at  noon  a  stiff  wind  was 
sweeping  inland ;  the  montarias  spread  their  picturesque 
sails  aud  scudded  before  it  up  the  river ;  thus  steadily  the 
breeze  continued  until  well  into  the  night,  when  it  hushed 
down,  and  a  calm  morning  again  dawned  on  the  rippleless 
river.  This  searbreeze  is  perfectly  regular.  Boats  can  sail 
up  the  river,  but  tiiey  must  drift  or  be  rowed  down. 

The  Lower  SSo  Francisco  below  Piranhas  admits  of  navi- 
gation by  small  steamers  and  sailing  craft  during  the  whole 
year.  In  August,  1867,  the  river  above  PenSdo  was  formally 
opened  to  steam  navigation  by  the  Eahia  Steam  Navigation 
Company,  but  PenSdo  has  been  in  communication  with  Per- 
nambuco  and  Baliia  for  some  time.  Through  the  politeness 
of  my  friends,  Mr.  Hugh  Wilson,  the  able  superintendent 
of  the  company,  and  Dr.  Anto.  de  Lacerda,  I  was  enabled 
to  participate  in  the/i^(e/  and  to  them  I  owe  the  oppor- 
tunities I  afterwards  enjoyed'  of  mailing  the  observations 
recorded  above.  To  Dr.  de  Lacerda  and  Dr.  Brunet,  who 
accompanied  me  on  the  voyage,  I  am  indebted  for  valuable 
contributions  to  my  note-book.  I  take  pleasure  in  express- 
ing here  my  gratitude  to  these  gentlemen  for  their  kind- 
ness. 

The  country  below  Propria  is  very  fertile,  and  there  are 
large  areas  of  rich  lands  admu'ably  adapted  to  tlie  culti- 

*  Gardner  eoj-s  that  the  aoa  breeze  reaclica  Peiitido  ahout  noon,  which  is 
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vation  of  sugar-cane,  cotton,  mandioca,  &c.  The  region 
above  Proprid  is  proper  for  grazing.  The  whole  Lower  Sao 
Francisco  forms  a  district  of  much  promise. 

Tlie  coast  of  the  province  of  AlagOas  is  formed  by  a 
broad  belt  of  tertiary  lands  of  tlie  same  general  cliaracter  as 
those  south  of  Bahia.  The  country  embraced  in  this  belt 
is  a  vast  elevated  plain  two  or  three  hundred  feet  above  tlie 
sea.  The  western  or  interior  part  of  the  province  is  a  table- 
land of  gneiss,  the  contmuation  northward  of  tlie  gneiss 
district  of  tlie  Sao  Francisco  already  described.  It  is  dry, 
barren,  and  fit  only  for  grazing. 

At  Jequia,  some  miles  south  of  Macei6,  the  terttaiy  bluffe 
come  down  to  the  sea  line,  forming  a  long  range  of  cliffs  of 
a  bright  red  color,  like  the  Earreiras  do  Sirf.  In  the  south, 
I  linow  of  only  one  lake  which  occupies  a  basin  of  denuda- 
tion in  this  tertiary  sheet,  and  that  is  the  Lag3a  Jupai*anSa 
on  the  Rio  Doce  ;  but  in  the  province  of  AlagSas  there  are 
several  such  lakes,  and  it  is  from  tliem  that  tlie  province 
takes  its  name.  Tliese  lakes  in  Alag3as  are  long  and  nar- 
row, and  have  usually  a  northwest  trend.  Tlie  valieys  occu- 
pied by  the  Lag$a  do  Norte  at  Maceifi,  and  of  tlie  LagSa 
do  Sul  a  short  distance  to  the  south  of  Maceid,  open  out 
broadly  to  the  sea ;  but  a  strip  of  sand  more  or  less  wide, 
extending  across  their  moutlis,  bai's  out  tlie  sea.  The 
Lag6a  do  Norte  at  Maceid  is  salt.  It  abounds  in  fisli,  and 
it  is  said  that  sea-turtles  are  found  in  it.  The  Lagi5a  do 
Norte  at  Macei6  strongly  reminds  one  of  the  lakes  of  Central 
New  York,  —  Cayuga  or  Seneca,  for  instance.  Tliese  laJjes 
of  AlagSas,  as  well  as  JuparanSa,  are  very  deep,  and  their 
basins  must  have  been  excavated  at  a  time  when  the  land 
stood  at  a  greater  height  than  at  present. 

The  city  of  Maccio  is  built  at  tlio  mouth  of  one  of  the 
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largest  of  fcliese  valleys,  and  at  the  foot  of  the  Lag3a  do 
Norte.  The  enti'ance  to  the  valley  ia  barred  by  a  veidc  strip 
of  recently  elevated  sands,  covered  witli  a  low  and  sparse 
vegetation,  consisting  of  clumps  of  hushes,  among  which  the 
aroeu-a  (^Schimis  terebinthifoUus'),  aa  Gardner  has  remarked, 
is  very  abundant,  together  with  species  of  J)iospi/rus,  Uschr 
weilera,  Erioeaulon,  Marcetia,  Cereus,  Melocaetus,  &c.  The 
lagSa  communicates  with  the  sea  by  a  narrow  channel  across 
tliis  flat.  The  tertiary  plains  are  almost  perfectly  level,  and 
come  down  close  to  the  coast  line.  They  have  steep  slopes 
towards  the  lakes,  and  the  same  towards  the  sea,  where,  at 
their  feet,  lie  sand  plains ;  but  tliey  are  precipitous  when  the 
sea  washes  their  base.  The  average  height  of  these  tertiary 
plains  along  tire  coast  is  about  one  hundred  and  fifty  feet, 
though  they  evidently  rise  gradually  toward  the  interior  as 
they  do  elsewhere.  From  the  top  of  the  lighthouse  at 
Macei(5,  built  on  the  edge  of  this  plain,  the  eye  ranges  for  a 
long  distance  both  up  and  down  the  coast,  and  into  the 
intenor.  Save  the  depression  of  the  lagSa,  tlie  country, 
appears  from  tlie  sea  to  be  level ;  but  inland,  at  the  dis- 
tance of  a  few  leagues,  are  visible  the  tops  of  a  few  hills, 
evidently  of  some  earlier  formation,  but  probably  gneiss. 
The  slopes  of  the  tertiary  lands,  as  elsewhere,  are  fertile  and 
heavily  wooded,  but  the  higher  plain  is  as  usual  exceedingly 
dry,  supporting  a  dense  growtli  of  small  bushes,  with  many 
Licuri  palms.  The  character  of  the  vegetation  is,  as  I  have 
already  remarked  in  speaking  of  the  Eio  de  BS,o  Francisco, 
not  wholly  due  to  natural  causes ;  for  this  whole  country 
has  been  repeatedly  burned  over,  and  the  virgin  forest  de- 
stroyed. During  tlie  political  disturbances  a  few  years  ago 
large  tracts  were  fired  purposely, 

A  stranger  will  occasionally  obseiTe  in  tlie  pavement  of 
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the  streets  palseozoic  rocks  containing  a  few  fossils,  which 
might  mislead  one  if  he  did  not  know  tliat  they  were  brought 
thither  from  North  America  as  ballast.  Large  quantities 
of  the  finer  qualities  of  Kio  de  Janeiro  gneiss  are  carried 
along  tlie  coast,  and  used  both  for  building  and  paving ;  but 
it  is  of  so  peculiar  a  quality  that  one  learns  to  recognize 
it  immediately  wherever  it  is  found. 

The  upper  beds  of  the  tertiary  sheet  are  well  exposed  in 
a  cliff  and  cutting  on  the  side  of  the  spur  ou  which  the 
lighthouse  is  built,  behind  ttie  Matriz  church.  The  lower 
bed  seen  consists  of  a  soft  yellowish  or  reddish  argillaceous 
sandstone,  very  loose  in  texture  and  full  of  quartz  pebbles, 
which  are  arranged  in  layers  and  lenticular  masses.  There 
are  some  pebbles  of  a  white  substance  that  loolts  like  de- 
composed feldspar.  The  fragments  of  quartz,  whetlier  in  the 
form  of  pebbles  or  sand-grains,  are  more  or  less  rounded. 
Over  tills  lies  a  thick  mass,  very  indistinctly  stratified,  of 
red,  pink,  and  white  variegated  soft,  friable  argillaceous 
sandstone,  of  the  same  general  character  as  that  found 
in  the  southern  part  of  the  province  of  Espirito  Santo,  and 
at  Para  on  the  Amazooas.  The  colors  of  tliese  beds  are 
very  warm,  and  are  distributed  unevenly.  Over  all  is  a 
layer  of  clay  and  soil  with  pebbles  beneatli,  like  Uie  usual 
drift  coating  of  the  tertiary  plains. 

The  tertiary  coast  belt  extends,  to  my  knowledge,  some 
thirty  to  forty  miles  above  MaceiiS,  and  I  have  seen  the 
same  kind  of  a  coast  fifty  miles  south  of  Pernambuco. 

The  flat-topped  hills  in  the  vicinity  of  Cape  Sant.  Augus- 
tinho  ai-e  portions  of  this  sheet,  which  is  much  worn  away 
in  the  vicinity  of  Pernambuco.  The  country  back  of  Per- 
nambuco is  quite  hilly,  and  it  is  probable  that  c 
rocks  will  be  found  there. 
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Northward  of  Pernarabuco  I  have  seen  tlie  same  kind 
of  coast  ill  the  province  of  Uio  Grande,  where  the  lands 
are  precisely  like  those  of  Macei6,  the  valleys  having  tlie 
same  steeply  sloping  aides  so  characteristic  of  tlie  tertiary 
plains. 

The  city  of  Macei(5  is  a  town  of  respectable  size,  built 
a  sliort  distance  inland,  in  part  on  a  slight  elevation  at  the 
base  of  tlie  bluffs  on  the  north  side  of  tlie  valley.  On  the 
sea^sliore  is  built  tiie  town  of  Jaraguii,  which  is  the  port  of 
Maceii5.  The  flat  lands  in  tlie  vicinity  of  MaceiS  ai'e  cov- 
ered with  cocoa  palms,  which  give  to  the  place  a  very  pretty 
appearance,  DendS  palms  are  also  numerous,  and  I  saw 
a  few  date  palms  which  bore  fruit.  A  few  specimens  of  the 
Aasahi  (^Euterpe  oleraced)  of  the  Amazonas  are  found  here. 

The  harbor  is  formed  by  a  line  of  coral  reefs,  which  extend 
off  shore  at  a  distance  of  half  a  mile  or  more,  and  protect 
shipping  from  the  northeast  winds;  but  the  harbor  is  not 
well  protected  during  southerly  storms,  and,  what  is  worse, 
it  is  filling  up  by  the  drift  of  sands  over  the  reef.  The 
shore  is  a  sand  beach,  from  which  long  piers  are  built  out ; 
but  owing  to  the  sea,  tlie  shipping  cannot  come  along- 
side, and  goods  are  landed  in  lighters.  The  principal  trade 
of  the  city  consists  in  sugar,  cotton,  &c.,  which  are  princi- 
pally sent  to  Pemambuco.  As  above  remarked,  the  upper 
plain  appears  to  be  very  dry  ;  and  in  the  vicinity  of  Maceid, 
at  least,  is  not  cultivated.  Tlie  slopes  of  the  tertiary  lauds 
are  very  feiiile,  and  usually  very  heavily  wooded ;  as  also 
are  tlie  alluvial  lands  bordering  the  lake,  which  last  are 
extensively  planted. 

Tlie  water  of  Maceifi  is  bad  ;  at  the  time  of  my  visit  steps 
were  being  taken  to  supply  the  city  witli  good  water  from 
the  river  Bebidouro. 
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The  Compankia  Bahiana  was  about  to  put  two  little 
steamers  on  tlie  LagSa  do  Norte. 

"While  at  Macei6, 1  heard  a  Schisto  bituminoso  spoken  of 
as  occurring  in  the  low  lands  near  the  LagSa  do  SuL  I  was 
unable  to  visit  Uie  locality,  but,  from  the  information  I  re- 
ceived, it  seems  to  be  an  inflammable  vegetable  deposit  of 
very  recent  date,  underlying  the  sands  of  a  plain  similar  to 
the  lower  plain  of  Miiceid. 
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CHAPTER    X. 

PROVIKCE     OF     ^ER^'AMBUCO. 

The  Limits,  Area,  &c.,  of  tlie  Province.  —  Its  Topography,  Geology,  CMmatfi, 
Soils,  &c.  —  The  Rivers.  —  Prociiictions  of  the  Frovince.  —  The  City  of  Pei^ 
nanihuco  or  Hecite.  —  DerlrHtion  of  these  Names.  —  Situation  of  the  City.  — 
The  Stone  Iteof.  —  The  Port  formed  by  it.  —  ShiiUoivness  of  Water  along  this 
part  of  the  Coast.  —  temMnbuco  a  Calling  Station  for  Foreign  Shipping.  — 
The  Pernnmbuco  and  SSo  Francisco  Railroad.  —  Tahle  of  Heights  along  the 
Line.  —  Island  of  Itamaraci.  —  ITossiliferous  LimHstones.  —  Fertility  of  the 
Island,  Cocoa  Palm  Groves,  &c.  —  Fevnando  de  Noronlm,  —  Darwin's  De- 
scription of  the  Geology  of  the  Island.  —  Its  Dryness  and  Sterility. 

This  rich  and  populous  province  has  been  so  little  ex- 
plored by  tlie  pliysical  geographer  and  geologist,  tliat  it  is 
not  possible  to  give  more  than  a  very  general  sketch  of  its 
physical  features, —  a  sketch  which  the  writer  hopes  future 
explorations  may  help  him  to  fill  out  with  needed  detail. 

The  proTince  comprises  the  northern  side  of  the  basin  of 
the  Rio  de  SSo  Francisco  from  the  point  called  Pdo  d'Arara 
to  tlie  Eio  Moxoto,  a  few  miles  above  the  Cachoeira  de 
Paulo  Affonso.  East  of  that  point  tlie  little  province  of 
AlagSas  is  wedged  in  between  it  and  the  SSo  Pj-anciaco. 
The  coast  line  of  tlie  province  is  only  about  forty-four 
leagues  in  lengtli.  The  superficial  area  of  the  province  is 
variously  estimated  at  from  4,467  (Pomp^o)  to  7,200  square 
leagues  of  twenty  to  a  degree.* 

The  province  is  separated   from  that  of  Piauhy  by  the 

narrow  plateau  known  under  the  name  of  the   Scrra  dos 

«  Dr.  Almeida,  in  his  Atlas,  mates  it  .^,287. 
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Dois  IrmSos  and  Serra  Vennelha.  From  Ceard  it  is 
separated  by  the  chapadaa  or  plateaus  known  under  tlio 
name  of  Serra  Ararip^,  while  the  Serra  dos  Cairiris  Yel- 
hos  separates  it  from  the  province  of  Parahyba,  which  lies 
just  to  the  north.  PatHJier  on,  in  treating  of  the  province 
of  Piauliy  and  Oear^,  I  shall  discuss  the  facts  we  possess 
relative  to  tlie  structure  of  the  Serras  Doue  Irmaos  and 
Araripe,  wliicli,  as  already  remarked,  appear  to  consist  in 
the  main  of  a  narrow  strip  of  horizontally  disposed  tertiary 
sandstones  lying  along  the  summit  of  a  ridge  of  metamorphic 
rock. 

We  have  already  seen  from  Halfeld,  Burton,  and  others, 
that  the  part  of  the  province  bordering  tlie  Kio  de  SSo 
Francisco  is  composed  of  much  disturbed  gneissose  and 
otiier  metamorplric  rocks,  here  and  tliere  overlaid  by  patches 
of  horizontal  sandstones  and  associated  rocks,  like  those  of 
the  SCEo  Francisco  valley  favtlier  up.  The  great  mass  of  tlie 
western  part  of  the  country  appears  to  be  formed  of  gneiss, 
mica-schist,  &c.,  and  tliese  rocks  hei-e  and  there  afford  gold, 
but,  so  far  as  I  can  learn,  not  to  any  very  large  extent.  Of 
the  mountain  ranges  of  the  province  next  to  nothing  is 
known,  and  they  are  very  inaccurately  represented  on  Uie 
maps.  From  the  description  of  some  who  have  visited  the 
Serra  dos  Cairins  Velhos,  it  would  appear  tliat  they  were  in 
part  formed  of  horizontal  sandstones  like  the  Serra  Araripe. 
Some  of  the  mountains  of  the  interior  of  the  province  are 
of  considerable  elevation,  though  I  cannot  learn  that  any 
esceed  4,000  feet  in  height.* 

Pompeo  t  says  that  the  coast  for  a  width  of  ten  to  iifteen 

•  Some  of  these  hifjlilands  are  risible  fram  the  sea,  as  for  iiiFitancc  thu  Serra 
Sellada,  which  one  sees  lying  a  few  lengiies  back  of  Cape  St.  Aiiguatinho. 
f  Geograpkiti,  p.  425. 
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leagues  is  low.  This  portion  is  covered  in  part  by  quite 
heavy  woods.  It  is  veiy  fertile,  aud  is  called  mattas.  Be- 
yond this  there  is  anotlier  zone  of  uneven,  undulating  coun- 
try covered  by  carrasco,  and  dry,  but  it  produces  large  crops 
of  cotton  and  vegetables.  The  interior,  which  goes  by  the 
name  of  sertSo,  is  very  mountaiiious,  stony,  and  diy,  being 
fit  for  iioibing  but  pasturage. 

The  same  author  says  that  "  the  interior,  principally  on 
the  borders  of  tlie  Sao  Francisco  and  of  the  province  of 
Piauhy  is  subject  to  droughts,  like  tlie  provinces  of  the  north ; 
still  it  does  not  present  the  sandy  deserts  and  the  verdurous 
oases  seen  by  the  traveller  Koster."  * 

Tlie  coast  is  low,  and,  generally  speaking,  resembles  that 
of  tlie  province  of  AlagSaa  ;  coiisistiug  along  the  shore  of  a 
more  or  less  wide  strip  of  tertiary  beds,  which,  though 
sometimes  extensively  denuded,  form  high  red  cliffs  pre- 
sented to  tlie  sea,  as  in  the  vicinity  of  Cape  St,  Augustinho. 
Underlying  these  are  in  some  localities  cretaceous  rocks 
which  have  never'been  carefully  examined.  The  tertiary 
beds  have  been  swept  away  over  considerable  tracts  which 
were  occupied  by  the  sea  just  prei'ious  to  tlie  last  rise  of 
the  coast,  forming  deep  indentations  in  the  coast  line.  On 
such  an  indentation,  now  filled  up  witli  sand  and  alluvial  de- 
posits, the  city  of  Pemarabuco  now  stands.  I  am  exceed- 
ingly BoiTy  tliat,  though  I  have  three  different  times  visited 
Pemarabuco,  I  have  never  been  able  to  examine  tlie  high 
lands  in  its  vicinity.  Mr.  E.  Williamflon,  in  a  short  paper  pre- 
sented to  the  Manchester  Geological  Society,  and  published 
in  the  Proceedings  of  that  society,  says,  that  "  at  Caxinga,  a 
few  miles  out  from  Pemambneo,  several  fine  sections  of  the 
sands  and  marls  "  of  the  tertiary  "  have  been  exposed  by 
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lanrl-slips  ;  the  strata  here  hear  such  a  resemhlaiice  to  the 
new  red  sandstone  of  our  own  districts,  that  it  would  he 
impossihle  hy  color  and  appearance  alone  to  distinguish 
one  from  the  other." 

The  lands  over  large  areas  near  the  coast  are  very  fer- 
tile, and  pioduee  excellent  sugar-cane  and  cotton. 

All  the  diainage  of  the  middle  and  western  part  of  the 
province  is  into  the  S5o  Francisco.  Some  of  tlie  streams 
are  qmte  large  .  hut,  as  has  heen  remarked  by  Cazal,*  they 
disappear  m  the  dry  season,  and  Uie  same  is  the  ease  with  the 
majority  of  tlie  rivers  of  the  eastern  part  of  the  province, 
which  flow  into  the  sea.  During  the  rains  tlie  streams,  like 
those  of  Baliia,  swell  tremendously,  but  in  dry  weather  they 
dry  up  entii^ely.  The  principal  rivers  emptying  into  the  sea 
are  the  following ;  the  Una,  whose  moutli  is  a  few  leagues 
north  of  the  boundary  line  of  AlagSas  ;  between  this  river 
and  Pernambuco  are  the  Serenhaem,  Ipojuca,  and  Pira- 
pama.  The  Capibaribe  empties  at  Pernambuco.  The  Una, 
Ipojuca,  and  Capibaribe  are  quite  respectable  rivers,  if  we 
consider  their  length,  tlie  Ipojuca  having  a  course  of  about 
one  hundred  and  fifty  miles ;  but  during  the  dry  season 
tliey  disappear,  except  in  the  immediate  vicinity  of  the  sea,t 
so  tliat  tliey  are  consequently  of  little  or  no  service  for  nari- 
gation.  The  climate,  of  course,  varies  in  different  parts  of 
tiie  country.     Along  the  coast  it  is  damp  and  hot,  tliough 

*  "Da  Villa  do  Penfdo  atM  a  da  Ban'a  do  Eio-Giande,  em  cujo  inler- 
vatlo  OS  Tiandantes  contain  acima  do  dnzentaE  legiias,  nSfo  Kohe  pai'n  o  rio  da 
S.  Francisco  um  so  regato  no  tempo  da  sccca."  Corografin  Brazilica,  Vol.  II. 
p.  158. 

t  Dr.  McGralh  of  Pernambuco  kindly  sent  mo  a  tradng  of  a  map  of  the 
eaaCBcn  part  of  Ihe  province.  In  a  note  lie  says  :  "  These  rivers  look  verj-  for- 
midaiile  on  paper,  but,  as  you  are  probably  well  aware,  they  amount  to  alnioat 
nothing  ii1>oyc  tide-mater  during  the  dry  season." 
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refreshed  by  sea  breezes  (Pomp^o),  In  the  interior  it  is 
very  hot  and  very  dry,  especially  during  tlie  rainy  season, 
which  lasts  from  March  to  Juue.  Von  Tschudi  saya  that 
it  is  not  so  oppressingly  hot  at  Pcrnambuco  as  at  Rio.  Tlio 
population  of  the  province  is  principally  confined  to  tlie 
eastern  part  near  the  coast,  and  to  tlie  border  of  tlie  SSo 
Francisco.  In  the  region  of  the  mattas  there  are  numerous 
and  well-conducted  sugai-  estates,  which  produce  a  large 
quantity  of  sugar,  molasses,  and  nun.  Pomp^o  says,  that  in 
1857  the  president  of  the  province  reported  1,106  sugar- 
mills,  18  of  which  were  operated  by  steam  and  346  by  water. 
These  produced,  in  1856, 18,498:000$000  worth  of  sugar, 
and  the  same  year  1,341,354  canadaa  of  aguai'dente  (native 
rum)  were  exported,  wortli  616:000$000.  Pomp^o,  writ- 
ing in  1864,  places  tlie  exportation  of  sugar  at  over  four 
millions  of  arrobas.  Von  Tschudi,  in  1866,  estimated  tlie 
yearly  export  at  over  one  hundred  and  forty  millions  of 
pounds.  The  cotton  of  Pernambuco  is  reckoned  very  good, 
aiid,  according  to  Von  Tschudi,  it  brings  the  price  of  good 
Louisiana  cotton.  The  region  of  tlie  Garanhuns,  lying  just 
north  of  the  middle  of  the  province  of  AlagSas,  is  noted  for 
its  cotton.  Cazal  *  saya  that  the  Serra  de  Garanhuns  is 
covered  by  woods,  and  that  streams  descend  from  it,  but 
are  soaked  up  and  disappear  on  reaching  the  sandy  campos 
of  the  vicinity.  This  region  produces  also  maize,  mandi- 
oca,  feij^o,  and  fruits  of  various  kinds. 

Among  the  fruits  for  which  this  province  is  famous  are 
the  mango  and  the  delicious  giant  pine-apple  known  as  the 
Abacaxi.  Cocoa  palms  are  planted  in  large  groves  on  tlie 
coast,  and  produce  a  very  considerable  revenue.  In  the 
Sertao  a  large  number  of  cattle  are  raised.     PorapiSo  csti- 

*  Cavjni/ia  Bmsilka,  Vol.  H.  p.  159. 
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mated  that  in  1864  there  ought  to  be  1,300,000  inhabitants ; 
but  there  baa  been  no  census  for  many  years.  Ahneida,  in 
his  Atlas,  estimates  the  population  of  tlie  province  at 
1,220,000  souls,  of  which  tlie  capital  has  90,000. 

Owing  to  tlie  flatness  of  the  coast  and  the  small  size  of 
the  riTers,  there  are  but  few  ports  capable  of  admitting 
large  vessels.  We  find  in  use  on  this  coast,  principally  for 
the  purpose  of  fishing,  the  Jangada,  a  narrow  raft  of  liglifc 
logs,  carrying  a  large  triangular  sail,  —  a  craft  which  may 
be  launched  tlirongli  the  surf  on  the  open  coast.  Of  these, 
in  1864,  the  province  possessed  between  seven  and  eight 
hundred.  The  city  of  Pernambuco,*  or  Kecife,t  owes  its 
importance  to  its  consolidated  beach  or  stone  reef.  Except 
for  tliis,  it  would  offer  no  advantages  for  trade.  Its  posi- 
tion, in  the  very  easternmost  part  of  the  empire,  makes  the 
port  exceedingly  convenient  of  access ;    and   ships  from 

*  The  name  Pernambupo  is  derived  from  the  Tnpj.  Schako  says  that  it 
means  mare  sbacalo.  Caiol  (Coro.  Biia.  11.  170)  makes  it  a  coiruption  of 
Paran&buca,  wliicli  k  said  to  be  tie  name  given  to  the  port  by  tlie  CaJiet^s 
wlio  inhabited  tlie  place.  The  Eoldro  Gerol,  cap.  16  (quoted  in  the  Art  de 
V^IJUr  lea  Dates,  Vol.  XIU.  p.  256),  eajs  that  the  name  was  given  because 
the  reef  was  broten  through  by  the  sea :  "So  diz  de  Pemambnco,  por  ana 
pedra  junlo  delle  esta  furada  do  mar,  e  quer  dizer.  Mar  furada."  D'Orbigny 
{L'Homme  Americain,  Tom.  IL  p.  280)  makes  it  a  corruption  of  Paranambu. 
The  Pi-encli  call  the  place  Femambouc  or  Pernamhoue,  and  the  English  used 
t«  call  it  Femamboca 

t  The  name  Redfo  was  given  to  the  city  because  of  its  reef.  The  Portn- 
gnese  for  reef  is  recife,  ivliioh  word  is  not  derived  from  the  Latin  recipere,  as  so 
many  anlhors  wonld  have  it ;  as,  for  instance,  Barlieus  {Eerum  per  Oden- 
liiam,  &c.,  p.  66),  who  says :  "  Ubi  terminatur,  pagus  ftiit,  Eeciffa  dicta,  forle 
ab  hoc,  quod  intra  hnnc  et  alinm  terrfo  sJmilem  traetum  oblongum  quem  Recit 
&m  Lapidoaam  vocant  recepi  naves  poasint  et  soleant,  accipiendis  exponen- 
Qisque  onerilroa."  The  authora  of  the  Art  de  V&ifier  lee  Dates  (Vol.  SlII. 
p.  33)  make  the  same  miatake.  The  word  redfe  is,  according  to  Fonaeea, 
derived  from  tlie  Arabic  rati/  or  raiif,  aignifying  a  pavement.  See  note  on  p. 
190. 
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North  America  or  Europe,  bound  for  South  American,  East 
Indian,  or  African  ports,  have  to  go  but  very  little  out  of 
their  way  to  stop  there. 

I  have  already  called  attention  to  the  fact  that  the  city  is 
situated  on  a  tract  of  low  groimd,  occupying  a  deep  inden- 
tation in  tlie  coast  tertiary  sheet,  and  esteiiding  from  Olinda 
nearly  to  Cape  St.  Auguatinho.*  It  is  built  at  the  mouths 
of  the  rivers  Beberibe  and  Capibaribe,  vhich  unite,  forming 
a  60rt  of  delta,  composed  of  a  number  of  irregular  islands 
very  diificidt  to  describe,  which  are  enclosed  by  a  net-work 
of  channels.  All  of  these  islands  are  low,  and  some  are 
marshy.  The  Beberibe  is  the  nortliernmost  of  the  two 
rivers.  It  takes  its  rise  to  the  nortliwest  of  Pernambuco  ; 
at  Olinda,  about  two  miles  north  of  Pernambuco,  it  meets  a 
very  narrow  strip  of  sea  beach,  which  extends  southward  to 
Pernambuco,  a  part  of  the  city  being  built  on  tiie  end  of 
tlie  spit,  which  broadens  in  tlie  manner  represented  in  the 
sketch-map  on  the  following  page.  A  channel  from  the  Rio 
Capibaribe  joins  the  Beberibe  just  above  its  mouth,  and  this 
cuts  off  from  the  mainland  a  large  island,  on  which  a  second 
division  of  tlie  city  is  built,  while  tlie  tliird  quarter  is  situ- 
ated on  the  mainland,  on  the  opposite  side  of  tlie  Capibaribe, 
opposite  its  mouth.  These  three  quai-ters  are  united  by 
bridges,  several  of  which  are  of  excellent  construction. 

To  the  southward  a  bay  penetrates  deeply  into  the  land, 
but  its  waters  are  very  shallow. 

Tliat  part  of  tlie  city  built  on  the  extremity  of  the  sand 
beach  above  described  is  called  Recife,  though  foreigners 
almost  invariably  use  the  name  Pernambuco.  It  is  very 
closely  buUt  up  with  warehouses,  stores,  custom-house  build- 
ings, &a.,  and  is  the  centre  of  tlie  commerce.  On  the  beach 
*  Kic]dpr  compares  this  traul  lo  the  Bnliian  "  Reconcavo." 
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just  to  the  uortli  are  the  cclchrated  old  fortresses  of  Brum 
and  Buraco. 

Opposite  the  former,  and  distant  about  250  hragas  from 
the  shore,  the  stone  reef*  begins  ahmptly,  and  nma  in  al- 


*  The  reef  has  been  described  over  and  over  i^ain  by  the  oM  navigHlors 
oaA  trayellers  in  Biazil.  A  very  curious  drawing  of  it  is  to  be  found  in  a  Dutcii 
work  publisheii  in  1624,  and  entitled  Regs-boeck  van  liet  ri/cke  Brasiliea.  I  do 
not  know  tlieauthor's  name.  The  sfcotch  is,  howerec,  so  inaccurate  as  to  be  of 
no  valne  as  showing  the  structnre  of  the  reef.  Barlajus  not  only  spcais  of  the 
reef,  but  he  gives  a  large  copper-plate  engraving  of  it,  together  with  an  excel- 
lent map.  There  is  another  large  and  curious  copper-plate  of  Pernambuco  and 
the  reef  in  the  "Historia  delle  Gverre  del  regna  del  Brasile,  dal  P.  F.  Gio. 
Gioseppe  di  Teresa  Carmelitano  Schalao,"  published  1693,  Speaking  of  the  reef, 
Schalao  says  ;  "  Vlen  reparato  da  vn  come  marauigloso  molo  iui  formato  didla 
natnra  il  quale  s'inalza  sopra  I'acque,  distendendosi  gran  qunntita  di  leghe  tagli- 
attt  dall'istessa.  natnra  con  tanta  egual^  come  si  ve^ono  i  moli  con  immenai 
dispendij  fiitti  dall'artB."    Dapper  also  figures  it  in  his  ATimrica. 

This  reef  is  represented  in  Kidder's  "Branil,"  and  in  Kidder  and  Fletcher's 
"Brazil  and  the  Brazilians,"  as  if  it  were  two  or  thi'ee  miles  distant  fTOm  tha 
city !  A  comparison  between  the  views  of  Pernambuco  in  these  works  with  a 
good  map  win  prove  amusing  I  'What  is  the  nse  of  stating  a  thing  in  words, 
and  then  giving  the  lie  to  it  in  an  illustration  ? 
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most  a  straight  line  southward,  passing  witliin  a  few  Iiundrcd 
feet  of  tlie  city,  extending  across  the  bay,  and  then  sliii'ting 
the  shore  for  some  distance  south.  I  have  been  able  to  ex- 
amine it  only  in  the  vicinity  of  tlie  city,  and,  since  the  maps 
and  chai'ts  differ  so  widely  among  tliemselves,  I  can  form  no 
definite  idea  of  its  real  length.  Barl^eus  gives  a  map  and 
drawing  of  a  similar  reef  extending  across  the  mouth  of  a 
hay  to  the  south  of  Pernaiubuco,  near  Cape  Saint  Augustine, 
if  I  remember  rightly. 

I  have  already  descriljed  witli  much  detail  the  stone  reefs 
or  consolidated  beaches  of  Porto  Seguro,  Santa  Craz,  and 
Bahia.  The  Pemambucan  reef,  so  far  as  I  have  seen,  has 
precisely  the  same  structure.  It  is  the  consolidated  core 
of  an  ancient  beach  which  has  been  separated  from  the 
mainland  by  tlie  encroachment  of  the  sea.  It  is  remark- 
able for  its  great  length  and  the  straightness  of  its  eoui'se. 
It  is  exposed  to  a  much  heavier  surf  tlian  the  Porto  Seguro 
and  Santa  Cruz  reefs,  and  at  high  tide  and  durmg  heavy 
weather  it  is  usually  deluged  by  tlie  waves.  Tlie  northern 
end  breaks  down  abruptly  as  at  Poi'to  Seguro,  and  forms  a 
wide  opening  for  the  entrance  of  shipping.  Near  Uiis  ex- 
tremity stands  the  ancient  Dutch  fort,  known  as  the  Picao, 
together  with  a  lighthouse,  A  pai't  of  the  reef  is  artifi- 
cially built  up  with  masonry,  to  make  it  a  more  efficient 
breakwater.  Ships  of  ordinary  draught  and  small  steamers 
enter  the  port,  but  the  larger  men-of-war  and  the  ocean 
steamers  usually  anchor  at  a  distance  off  the  reef. 

The  water  along  tliis  coast  is  very  shallow,  and  the  sound- 
ings continue  for  many  miles  out  from  the  shore.  The  tides 
rise  at  Pernambuco  about  six  feet, 

Pernambuco  is  one  of  the  calling  stations  of  the  United 
States,  English,  and  Fi-ench  mail  steamers,  and   it  is  the 
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lieaii-quai'ters  of  a  ateamboat  company  whose  boats  run  to 
various  points  on  the  coast  to  tlie  north  and  south. 

The  Pernambuco  and  Sao  Francisco  Railroad  is  in  about 
the  same  condition  as  the  BaJiia  and  Sao  Francisco  Hue. 
It  extends  soufcliwestward  from  tlie  city  tlirougli  the  fertile 
sugai'  lands,  but  it  is,  I  believe,  completed  for  a  distance  of 
only  about  eighty  or  ninety  miles,  the  present  terminus  being 
Una  on  the  river  of  tlie  same  name.  I  owe  to  the  kindness 
of  Dr.  McGrath  of  Pernambuco,  and  Mr.  Mann,  the  super- 
intendent of  the  road,  the  following  table  of  hcigliLs,  along 
the  line :  — 

DiBtnnoes  in  Kilometres.  Feet  aboi'ti  tlis  Soa. 

Marca  9  no  Arsenal  Ae  Marinha      .         .         .  10.00 

Turntable  de  0.  Pontas       .         .         .         .  17.96 

2-^  Ponte  de  Afogados 27.15 

8-i^j  Esta^ao  de  BSa  Viagem       .         .         .         .  35.11 

Ponte  de  Jaboatao.         .....  26.25 

Ponte  de  Pirapama     .....  29.12 

31-^  Villa  do  Cabo 56.00 

Centre  do  tunnel 184.00 

Ponte  de  Utinga 210.00 

45       Esta^  de  Olinda SiO.OO 

51^  Pedreiras  de  Timbo-assu          ....  373.00 

57-^  Esta^  de  Esoada 314.50 

70           "        "  Frexeii'as 404.00 

Contendas 413.00 

Ponte  de  Amarn^           .....  296.18 

Plana 387.30 

113^  Esta^aod'AgoaPreta 463.00 

Ponte  de  Formigiieiro         ....  418.93 

Escava^  no  Sitio  Gomes      ....  505.06 

124,^  Esta^o  Una 437.96 

About  tliii-ty  miles  north  of  Pernambuco  is  the  large  and 
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fertile  island  of  Itamaracfi,,  -which  is  separated  fi-om  the 
mainland  by  a  narrow  but  deep  channel  like  a  river,  the 
island  being  set  into  the  mainland,  and  not'  lying  otF  the 
coast  as  it  is  usually  represented  on  maps.  It  is  about  ten 
or  twelve  miles  long  from  north  to  south,  and  very  narrow. 
The  land  is  low,  and  it  is  interesting  geologically  on  account 
of  its  limestones,  which  contain  fossils,  and  apparently  be- 
long to  the  cretaceous,  if  one  may  judge  from  a  report  made 
to  the  Brazilian  government  by  the  engineer  Panlo  Jos^  de 
Oliveira,  who  was  sent  to  examine  tlie  island  for  coal,  which 
had  been  repoi'ted  to  exist  tliere.  Oliveira  speaks  of  a  bed 
of  chalky  limestone, "  containing  some  fossils  of  the  turilite 
and  cardiias  family,"  and  also  of  other  fossila  of  the  "  anarii- 
chiies  family,"  found  at  Porio  das  Caixas. 

Dr.  McGrath  of  Pernambuco  has  kindly  undertaken  to 
have  a  collection  made  from  these  limestones,  and  I  hope 
that  we  may  soon  have  their  age  satisfactorily  determined. 
Lime  is  manufactured  on  ItamaracA  from  these  rocks,  and 
also  from  corals  which  abound  in  the  vicinity.*  Oliveira 
reports  the  existence  of  iron  ore  on  the  island.  A  small 
quantity  of  salt  is  made  on  the  coast  from  sea-water.  The 
island  is  very  fertile,  and  is  covered  with  sugar  plantations 
and  cocoa-palm  groves.  The  eastern  side  is  thickly  planted 
from  one  end  to  the  other  with  these  beautiful  and  useful 
trees. 

Fernando  de  Noronlia  belongs  to  the  province  of  Pernam- 
buco, though  it  is  situated  to  the  north  of  Cape  Sao  Roque. 
It  lies  in  lat.  3°  55'  S.  and  long.  32°  40'  W.  of  Greenwich 
and  is  distant  from  the  coast  about  two  hundred  miles.  It 
consists  of  one  large  island  and  several  smaller  ones,  the 
whole  being,  according  to  Darwin,  nine  miles  long  and  tliree 
*  See  Kidder's  Brazil,  Vol.  II,  p.  172. 
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in  breadth.  Tliis  distinguished  obseiTcr  visited  it,  and  I 
cannot  do  better  tlian  to  qnote  his  own  description  of  the 
geological  structure  of  the  island  ;  — 


"  The  whole  eeems  to  be  of  volcanio  origin,  although  there  is  no 
appearance  of  any  crater  or  of  iiny  cue  central  eminence.  The  most 
remai-kable  feature  is  a  hill  one  thousand  feet  high,  of  which  the 
upper  four  hundred  feet  consist  of  a  precipitous,  singularly  shaped 
pinnacle  formed  of  columnar  phimolite,  containing  numerous  crys- 
tals of  glassy  feldspar  and  a  few  needles  of  hornblende.  From 
the  highest  accessible  point  of  this  hill  I  could  distinguish  in 
different  parts  of  the  group  several  other  conical  hills,  apparently 
of  the  same  nature.  At  St.  Helena  there  are  similar  great  conical 
protuberant  masses  of  phonolite  nearly  cue  thousand  feet  in  height, 
which  have  been  formed  by  the  injection  of  fluid  feldspathie  lava 
into  yielding  strata.  If  this  hiU  has  had,  as  is  probable,  a  similar 
origin,  denudation  has  been  here  effected  on  an  enormous  scale. 
Near  the  base  of  this  hill  I  observed  beds  of  white  tuff,  intei-sected 
by  numerous  dikes,  some  of  them  amygdaloidal  basalt  and  others 
of  trachyte  ;  and  beds  of  slaty  phonolite,  with  tlie  plan^  of  cleavage 
directed  northwest  and  southeast.  Part  of  thi=(  rock,  where  the 
crystals  were  scanty,  closely  resembled  common  clay  slates  altered 
by  the  contact  of  a  trap  dike.  The  iamiuie  of  rocks,  which  un- 
doubtedly have  once  been  fluid,  seems  to  me  to  be  a  subject  well 
deserving  of  attention.  On  the  bedfh  theie  ^vere  numerous  frag- 
ments of  compact  basalt,  of  which  rock  a  distant  fagade  of  columns 
seems  to  be  formed."  t 

*  This  aketoh  I  copy  from  Illloa.     Tho  w^ittr-line  has  been  Inadvertently 
omitted, 
1  Geological  Observations,  Part  II,  pp.  23,  2t, 
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The  island  is  almost  deprived  of  vegetation,  resulting 
from  the  dryness  of  the  climate,  and  Ulloa  *  tells  us  that 
sometimes  two  or  three  years  pass  without  rain.  On  this 
baiTen  rock  the  Brazilian  government  has  established  a 
penal  station.  Flocks  of  sea-birds  resort  to  the  island  to 
breed,  and  sea-turtles  in  great  numbers  lay  in  the  sands  of 
tlie  shore  during  certain  months.  Tlie  harbor  is  an  open 
roadstead.  If  tlie  reports  of  navigators  are  correct  the 
island  is  surrounded  by  coral  reefs. 

*  "La  esterilidad  do  oata  Isla  no  prooede  de  la  mala  caliiM  de  bu  Tierra, 
puee  produce  todo  quanto  se  siembra  en  ella  proprio  de  Pa\aea  olQidos,  sino  de 
la  falta  de  hiimedad ;  porqua  passim  dos,  y  tres  aiios  sin  Hover,  ni  terse  el  maa 
leve  aparato  de  Agua ;  y  su  escas^z  ea  causa  de  que  eb  aeqaen  Ktalmenle  todaa 
las  planlBB,  faltando  la  Agna  ^  los  An'oyos,  y  lo  mas  pingae  de  toda  la  lela 
qnando  las  Nnbea  no  la  feeundUan  con  sn  ric^,  ae  vnelve  tan  arido,  y  desapaoi- 
ble,  como  loa  Perionos,  y  Rocas  ;  en  la  casion,  que  llegamoa,  sa  liavian  pi5ssado 
dos  afios  sin  caei'  Agna  alguna."  —  Ulloa,  Rdacion  llistorka  del  Viage,  &c., 
Parte  U,,  Tomo  Quaclo,  p.  416. 
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CHAPTER  21, 

THE  PROVmCE  OF  PAEAHYBA  DO  NOETU. 

Limits  of  the  Province.  —  The  Serrn  or  Plawau  of  the  Cairirfs  Velhos.  —  The 
Climato,  Productions,  &c.,  of  the  Province,  — Fertile  Lands  found  only  along 
the  Coast.  —  The  Eio  Parahyba  do  Morte,  its  Navigabilitj-.  —  The  City  of 
Parahjba.  —  The  Consolidated  Beaeh  at  the  Mouth  of  the  Hiver.  —  The  River 
and  TowTi  of  Mamaugnape.  —  The  Geology  of  the  Vicinity  of  Purabjba. 
—  Cretaceous  Limestone  with  Fossils.  —  Observations  of  Professor  Agassiz 
and  Ml'.  Williams.  —  Mr.  WDlioms'e  Observations  on  the  Geology  of  the 
Country  between  Parahyba  and  the  Gold-Mines  of  Pianco.  —  Mode  of 
Occurrence  of  the  Gold.  —  "  The  Tasao  Brazilian  Gold-Mining  Companj 
(Limited)." 

The  Province  of  Parahyba  do  Norte  lies  to  the  noi'th  of 
that  of  Pernambuco,  from  wliich  it  is  separated  by  tlie  Serra 
dos  Cairiris  Velhos,  which  seems  to  be  the  eontiiiimtioii  east- 
ward of  the  Serra  Araripe.  As  laid  down  on  the  maps,  the 
serra  is  notewortliy  fof  its  west-east  trend,  though  it  pre- 
sents a  gentle  curve  to  tlie  southward.  This  is  in  direct 
conti-ast  witli  that  of  the  other  serras  on  tlie  coast,  which 
usually  have  a  more  or  less  northeast  direction. 

The  principal  mountain  ranges  crossing  the  province,  as 
the  Borborema  and  Teixeira,  have  a  direction  considerably 
to  the  east  of  noi'th.  Tliese  are  composed  of  gneiss.  This 
abnormal  trend  attributed  to  the  Cairiris  Velhos  would  be 
sufficient  to  lead  one  to  suspect  that  the  so-called  serra  be- 
longed to  the  same  class  as  the  Araripe  and  the  "  serras  " 
dividing  tlie  Sao  Prancisco  and  Tocantins  basins,  and  tlie 
suspicion  is  conlinned  by  Pomp^o,  who  says  that  the  Serra 
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Borborema  forms  iu  the  south  an  extensive  plateau.  So  that 
it  is  more  than  probahle  that  the  Cairiris  Velhos  are  very 
erroneously  laid  down  on  tlie  maps,  and  do  not  form  a  nar- 
row mountain  chain,  as  represented. 

The  province  forms  a  regular  oblong  about  one  hundred 
and  eighteen  *  miles  in  lengtli  from  east  to  west,  and  about 
ninety  miles  from  uortli  to  south.  Tlie  interior,  as  in  Per- 
iiambuco,  is  uneven,  and  there  are  some  considerable  serraa. 
The  climate  is  very  dry.  The  country  is  very  poorly  watered, 
and  is  consequently  covered  with  a  very  scanty  vegetation,  so 
that  it  is  fit  only  for  pasturage.  Pomp^o  says  that  the  cattle 
subsist  largely  on  tlie  macambira,  a  bromeliaceous  plant, 
which  not  only  furnishes  food,  but  is  sufficiently  juicy  to 
quench  their  thirst.  The  coast  is  low,  and  much  of  it  is 
veiy  sandy.f  As  hi  Pernambueo,  there  are  some  fertile 
lands  along  tlie  coast  admitting  of  cultivation,  and  they 
are  in  part  covered  by  forest.  These  lands  produce  cotton, 
sugar,  %  tobacco,  <fec. 

The  climate  of  this  province  is  hot,  but  on  the  coast  the 
heat  is  modified  by  the  breezes  from  the  sea.  It  is  very  dry, 
and  from  time  to  time  severe  droughts  prevail,  causing  much 
disti'ess.    The  province  is  reputed  healtliy  for  Brazilians. 

The  principal  river  of  tlie  province  is  tlie  Parahyba  do 
Norte,  which  takes  its  rise  in  the  Serra  de  Borborema,  near 
the  southeni  border  of  the  province,  and,  sldrting  the  prov- 
ince line,  tlows  east  a  few  degrees  north  to  the  sea. 

At  its  mouth  the  Paraliyba  foi'ms  a  sort  of  estuary,  which 

*  Pompiio  sajs  one  hundi-ed  and  ten  leagues,  wliith  is  very  fsr  from  being 

t  Sea  Roster's  Travels. 

J  Tompeo  says  that  in  1064  there  were  one  huiiilreii  and  sixty  sugav  factories 


,db,Google 


442  GEOLOGY   AND  PHYSICAL   GEOGRAPHY. 

is  quite  wido,  and  opens  into  tJie  sea  from  the  south,  as  do 
many  of  the  otiier  rivers  along  this  part  of  tlie  coast. 

The  Parahyba  is  navigable  for  large  vessels  up  to  the  city 
of  the  same  name,  the  capital  of  tlie  province,  a  distance  of 
three  leagues  above  tlie  mouth  (Pomp^o).*  Small  vessels 
ascend  about  the  same  distance  above  tlie  city,  and  canoes 
are  said  to  go  as  far  as  Pilar,  many  leagues  farther,  but  Uie 
influence  of  the  tide,  according  to  Pomp^^o,  is  felt  only  sis 
leagues  above  the  river  mouth. 

The  city  of  Parahyba  is  situated  on  the  right  bank  of  the 
river,  and  is  divided  into  an  upper  and  lower  town.  It 
numbers,  according  to  Almeida,  14,000  iuhabitants.f  Its 
exports  are  principally  cotton  and  sugar,  which  are  sent  to 
Pernambuco.  Pomp^o  says  that  during  the  year  1862  -  63 
tliere  were  exported  201,890  aiTobas  of  cotton,  worth 
3,021:1241800,  and  620,270  of  cotton,  worth  821:120-$000. 

Earlseus  J  gives  a  chart  of  the  mouth  of  the  Parahyba 
River,  of  which  I  give  on  the  opposite  page  a  reduced  copy. 
It  is  interesting  because  it  shows  a  stone  reef  extending 
across  its  month,  leaving  an  entrance  between  it  and  the 
point  on  the  southern  side  of  the  river.  Tlie  reef  begins  off 
the  point  on  which  stands  the  old  fort  Cabedello,  and  runs 
parallel  with  the  shore  in  a  southwest  direction  for  some 
distance.  At  its  southern  extremity  it  is,  according  to 
Barljeus's  chart,  triple,  two  short  reefs  lying  inside  of  it. 

I  introduce,  for  comparison  witli  Barlceus,  a  copy  of  part  of 
a  map  of  tlie  mouth  of  the  same  river  by  Almeida,  which 
ought  to  be  more  accurate,  though  it  does  not  represent  tlie 
reef  with  so  much  care. 

*  Judging  from  Mrs.  Agassis's  description  of  the  Professor's  visit  to  Pamliyba, 
tlie  steamer  was  unable  to  go  up  as  fiir  as  the  town. 

+  The  population  of  the  provinca  is  ahout  300,000  (Almeida). 

t  Berum  per  Octenmam  in  Brasilm,  &o.,  1647. 
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About  eighteen  miles  north  of  the  mouth  of  the  Parahyba 
is  the  mouth  of  the  Mamanguape,  a  much  smaller  stream 
than  the  Parahyba.  It  is  said  to  admit  of  navigation  for 
smaclis  as  far  as  the  important  town  of  Mamanguape,  which 
lies  about  four  leagues  from  the  sea.  According  to  the 
IHccionario  Geographico  there  is  a  stone  reef  at  tlie  mouth 
of  the  river,  and  Almeida  represents  a  line  of  reefs  as  run- 
ning along  part  of  the  coast.  Cotton  is  one  of  the  chief 
exports  of  tlie  district  of  Mamanguape. 

Of  the  geology  of  tlie  pro^^nce  of  Parahyba  we  know  very 
little,  except  what  is  to  be  found  in  a  short  paper  by  Mr.  E. 
Williamson,*  from  which  I  condense  the  following:  — 

"  From  Tambalic  (Tambahii  1)  to  Parahyba  the  eiu^ce  is 
coYered  by  thick  beds  of  ferruginous  conglomerate In  some 

*  On  the  Geology  of  tha  Parahjlia  and  Pemambuco  Gold  Kegions,  by  E. 
WilliamBon,  Proceedinga  of  Maxiehoster  Geological  Society.  This  pamph- 
let, whith  I  owe  to  the  kindness  of  Professor  Bonamy  Price,  of  Oxfoi'd,  bears 
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places  the  conglomerate  becomes  ao  very  coarse  that  it  is  wholly 
macio  up  of  water-worn  pebbles,  of  quartz,  gneiss,  and  the  harder 
schistose  rocks,  cemented  together  by  peroxide  of  iron.  The  size 
of  the  pebbles  varies  from  that  of  a  email  nut  to  boulders  weighing 
four  or  five  pounds.  This  class  is  well  represented  below  the 
hatha  at  Tamballc ;  but  aa  they  approach  the  river  towanls 
Parahyba  they  gradually  become  mised  with  finer  and  more  argil- 
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lacBOUS  heds,  until,  at  last,  at  Sta.  Rita,  a  few  miles  out  from 
Pamhyba,  they  have  become  divided  into  regular  bands  of  marls, 
sands,  and  conglomerates,"  These  deposits  are  probably  tertiary. 
"  Immediately  underlying  the  fen'uginous  conglomerates  of  Para- 
hyba  there  occur  beds  of  secondary  limestone,  having  a  strike 
nearly  north  and  south,  and  dipping  gently  to  the  east  For  the 
most  part  these  limestones  are  siliceous,  thoir^h  at  intervals  beds 
of  nearly  pure  ltm.estone  and  argillaeeous  banda  occur," 

Mr.  Williamson  states  that  !ie  found  a  cast  of  a  fish  tootli 
and  some  estlieriana  in  this  limestone,  and  that  similar  beds 
abounding  in  fish  remains  occur  at  Minas  da  Cachoeira, 
Professor  Agassiz  touched  at  Parahyba  on  hia  return  from 
the  Amazonas  and  Tiaited  exposures  of  these  roclts  in  the 
vicinity.  He  found  the  limestone  of  a  soft  texture,  of  a 
■white  or  gray  color,  and  destitute  of  recognizable  fossils. 
From  the  gi'een.  shales  he  obtained  species  of  estherians 
which  appear  to  be  identical  witli  some  occurring  in  the 
Baliian  beds.  This  latter  observation  is  of  much  interest, 
since  it  would  appear  to  indicate  the  existence,  on  this  part 
of  the  coast,  of  ft-esh-water  deposits  like  those  at  Bahia, 

Mr.  Williamson's  description  of  the  gneissoid  rocks  and 
of  the  gold  deposits  I  give  in  full,  as  it  is  tlie  only  clear 
account  of  the  way  in  which  gold  occurs  in  tliis  Itind  of  rocks 
in  Ei-aail :  — 

"  The  first  dear  outcrop  of  the  rocks,  from  Parahyba,  occurs  at 
Batalha  on  the  river  Parahyba ;  it  is  a  hornblendic  rock,  with 
numerous  small  bands  of  quartz  and  feldspar  much  contorted. 

"  Between  the  river  Parahyba  and  Pilar  a  very  coarse  gneiss 
occurs,  with  large  crystals  of  white  feldspar  and  black  mica ;  at 
Pilar  the  gneiss  is  interstratified  with  mica  schists,  generally  fine 
in  testxtre  ;  at  Mendon^a,  Mocheira,  and  Ingi  Veliio  beds  of  similar 
character  again  occur,  interstratified  with  gneiss ;  at  the  last-named 
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place  the  schistose  beds  tecome  more  frequent,  until  at  Ingd  the 
whole  of  the  beds  are  micaceous  and  homblendio  schists.  A  little 
past  Inga  a  hard  close-grained  gneiss  rock  appears ;  this  flanks  the 
mountains  of  Lagradoura,  which  chiefly  consist  of  a  white  por- 
phyroid  gneiss,  holding  large  cleavable  crystals  of  pure  orthoelase, 
intersfcratified  with  bands  of  syenitic  and  granitoid  gneiss,  much 
resembling  granite.  On  the  northern  flank  the  bard '  close-grained 
gneiss  rocks  again  oeear. 

"Between  Lagradoura  and  Canpn  a  a  well  n  a  k  d  I  d  — 
granitoid  poi'pbyry  — oc  rs  st  1  out  s  m  flftj  d  e 
hundred  feet  higher  than  the  s  ft  ks  wh   1    an    ound  them 

this  porphyry  contains  la  ystab     f  wl  t     o  th    I    e       At 

Campinas  a  series  ofm<^«u  lis  ir  nta  a  n^  pi  t  f 
mica.  The  largest  was  about  two  inches  in  diameter  ;  but  I  was 
told  that  plates  a  foot  square  bad  been  found  ;  following  this  run 
of  micaceous  schist  ia  a  band  of  porphyry,  in  which  large  cleavable 
crystals  of  white  orthoelase  are  embedded  in  a  granular  matris  of 
quartz  and  feldspar.  I  could  distinguish  no  true  bedding  lines  in 
this  band,  but  from  its  dip  and  strike,  an  unbroken  outcrop,  I  am 
inclined  to  think  that  it  might  be  interbedded ;  the  succeeding 
rocks  are  mica-schista,  and  gneiss. 

"  At  Pasimba  Nova  another  band  of  hard  granitoid  rock  occui-s  ; 
followh  g  this  tl  e  e  are  a  long  series  of  mica  schists  and  gneiss  ; 
near  to  Ca  acol  c  rs  a  series  of  black  schists,  alternating  with 
bands  of  mn  lir  bla  k  rock ;  the  schists  are  occasionally  mica- 
ceous. At  Laraeol  i  small  series  of  mica  schists  divide  two  broad 
bands  of  gianitoid  rock,  in  places  these  much  resemble  the  trxie 
granites;  overlying  the  ujjei  one  is  a  smiU  band  of  h  mbl  ndic 
schist,  this  is  followed  by  a  bug  series  of  flaggy  mica  sohiats  At 
Carnahfiba  these  are  succeeded  b>  I  inds  of  haid  close  grained 
gneiss;  this  flanks  the  mountains  of  Teixeiii  (rooks  smiihr  m 
character  occur  at  Queimada  on  the  ip^osite  flanks)  the  roolis  of 
the  Teixeira  mountains  bear  such  a  strong  resemblance  to  those  of 
Ls^adoura,  that  I  think  they  may  be  but  a  repetition  of  the  same 
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bods.  Between  Queimada  and  the  Minas  da  Caxoeira,  another 
broad  series  of  the  same  class  occurs ;  the  remainder  of  the  rocks 
on.  the  section  arc  gneiss,  alternating  with  bands  of  mica 
schists, 

"  At  various  places  on  the  section  beds  of  quartz  and  quartzito, 
with  plates  of  mica,  were  interstratifled  with  the  harder  rocks;  the 
beds  varied  from  a  few  feet  to  two  hundred  feet  in  thicknBas  ;  the 
smaller  bands  were  often  beautifully  opalescent,  the  larger  bands 
granular  or  amorphous.  Hcematitic  and  titaiuc  iron  ores  always 
accompany  them. 

"  On  my  journey  from  Parahyba  to  the  mines  I  Mled  to  detect 
any  beds  of  limestone  interstratifled  with  the  Laurentian  roclts,  but 
I  was  informed  that  limestone  interstratifled  with  the  rocks  had 
been  observed  in  other  places  where  the  hmestonea  had  not  been 
hidden  by  the  covering  of  ferruginous  detritus. 

"  The  rocks  at  the  Minas  da  Caxoeira,  and  the  position  of  the 
gold-bearing  Teins,  will  be  best  understood  on  reference  to  the 
accompanying  section,  taken  along  the  bed  of  the  Bruscus  River, 
for  a  length  of  about  six  miles.* 

"  At  the  southern  extremity,  divided  by  a  band  of  softer  rock, 
are  two  broad  and  well-marked  bands  of  syenitio  gnei^,  one  of 
which  forma  the  bed  of  the  beautiful  waterfalls  of  the  Bruscus ; 
underlying  these  is  a  series  of  schistose  gneiss,  and  a  narrow  band 
of  syenite ;  it  is  a  bluish-gray  crystalHne  rock,  and  bears  a  strong 
lesemblance  to  some  of  the  Welsh  upper  Cambrian  feldspar  rocks. 
Succeedir^  these  are  ths  gold  bearing  aeries,  which  almost  wholly 
cmsist  ot  finegrained  micaceous  gneiss,  passing  imperceptibly 
mto  mica  schists 

'Cioasmg  1  bend  of  the  ruer  a  little  before  reaching  the  Lima 
kde,  a  small  band  of  daik  biownish-gray  feldspar  rock  occurs ;  it 
IS  subtranslucent,  and  m  pla<«s  shows  chatoyant  colors ;  a  little 
firthei  on  is  a  band  of  white  crj^alline  limestone,  containing 
he\^J^oml  ci^j  stals  of  b  i  tite ,  in  the  bed  of  the  river  it  is  small, 
*  ThiK  section  is  omitlcil. 
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but  about  a  mile  farther  east  from  this  point,  at  a  place  called 
Piao,  it  is  said  to  be  a  mile  broad  on  the  outcrop. 

"A  little  east  from  where  the  Descubridora  lode  crosses  the 
stream  there  occur  a  few  beds  of  earthy  plumbaginous  sohiats,  in 
which  are  two  lenticular  veins  of  graphite ;  they  seem  to  b«  of 
email  extent  and  of  a  very  indifferent  quality. 

"  At  Oacimbinhas,  a  few  milea  farther  on  than  the  B6a  Eaperan^a 
lode,  another  broad  and  well-marked  band  of  syenitio  gneiss  occurs, 
quite  as  large  as  that  of  the  waterfalls. 

"  The  auriferous  veins  which  traverse  these  rocks  are  very  nu- 
merous ;  they  appear  as  irregular  lenticular  masses,  running  parallel 
to  the  strike,  often  dippmg  between,  but  rarely  cutting  through, 
the  beds.  The  matrix  of  the  lodes  is  a  coarse  white  semi-opaque 
quartz,  containing  small  quantities  of  the  arsenides  and  sulphides 
of  iron,  sulphides  of  copper,  lead  and  zinc;  most  of  the  galenaa 
contain  antimony.  The  variety  of  minerals  resulting  from  the 
decomposition  of  these  ores  are  very  numerous,  —  carbonate  of 
zinc,  carbonate  and  chloro-phosphate  of  lead,  phosphate,  arseniate 
and  carbonate  of  copper,  oxides  of  antimony  and  native  sulphur 
are  common  in  some  of  the  lodes  ;  siilphate  of  copper,  sulphate 
and  cbromate  of  lead  were  more  rare  ;  native  gold  was  sparingly 
scattered  throughout  nearly  all  the  lodes,  and  m  the  BSa  Esperan9a 
veins,  grains  of  platimim  were  found. 

"  The  run  of  roclta  in  the  valley  of  the  Brusous  are  very  aurifer- 
ous, and  quartz  veins  abundant ;  and  though  the  rocks  are  greatly 
contorted,  no  trace  of  a  true  fault  can  be  found  anywhere  in  the 
whole  district ;  this  singularity  appears  to  belong  to  all  the  altered 
rocks  which  I  examined  in  Parahyba  and  Pemambuco,  for  dm-ing 
a  ride  of  1,000  miles  I  failed  to  detect  any  ;  it  is  to  this  want  of 
true  fractures  that  I  ascribe  the  poorness  of  the  quartz  veins,  there 
being  nothing  favorable  to  the  concentration  of  the  ores ;  the  gold 
has  been  equally  distributed  throughout  all  the  veins.  It  is  well 
known  to  miners  that  no  veins  are  so  rich  as  thoso  in  which  the 
faces  of  dissimilar  rocks  are  brought  opposite  each  other  on  the 
walls  of  the  vein. 
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"  On  my  jouvuey  from  tlie  micea  to  Pemambuco  I  crossed  the 
same  ran  of  rocks  aa  those  marked  on  the  section,  and  during  my 
ride  was  able  to  trace  several  anteclinals ;  this  accounts  for  the 
vast  extent  of  country  covered  bj  rocks  of  the  same  age. 

"  About  seventy  Jeagnes  from  Pernambuco  I  found  a  band  of 
quartziferous  porphyry ;  a  specimen  is  exhibited ;  it  has  a  compact 
base,  composed  of  an  intimate  mixture  of  quartz  and  feldspar, 
enclosing  crystals  of  orthodase  and  grains  of  quartz. 

"  Near  to  Jerimu  there  occur,  within  a  few  leagues  of  each  other, 
two  bands  of  crystalline  limestone;  one  a  nanow  and  highly 
crystalline  band,  the  other  a  very  broad  banil :  in  some  parts  this 
is  micaceous,  but  none  of  tiie  beds  aro  so  highly  crystalline  as  the 
small  band. 

"  The  country  between  Jerimu  and  Pemambuco  bears  a  strong 
resemblance  in  character  to  those  marked  on  the  section  between 
Parahyba  and  Campinas. 

"  The  whole  serips  of  these  rocks  agree  in  every  respect  with  the 
characteristic  features  of  the  Canadian  Laurentian  rocks,  as  given 
by  Sir  W.  E.  Logan,  viz.  :  -— 

"  I.  The  total  absence  of  anything  like  ai^ilUte  or  clay  slate. 

"  II.  That  nothing  corresponding  to  slaty  cleavage  has  ever  been 
remarked. 

"  III.  That  the  lamination  of  these  masses  is  apparently  in  every 
case  coincident  with,  and  dependent  upon,  the  ori^nal  stratification 
of  the  sedimentary  layei-s." 

There  was  formed  in  1865  an  EivgliBli  company  under 
the  name  of  the  "  Tasso  Brazilian  Gold-Mining  Company 
(limited),"  to  work  the  mines,  not  only  of  Parahyba,  but  also 
of  Pernambuco.  Among  the  officers  of  this  company  ap- 
pear some  very  honorable  names.  I  am  entirely  uninformed 
as  to  what  this  association  has  done,  or  what  its  prospects 
are. 

Sr.  Joa6  Jacomo  Tasso,  in  an  official  report  made  to  the 
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government  not  long  since,  said  tliat  seven  distinct  aurifer- 
ous veins  liad  been  discovered,  but  washing  was  carried  on 
with  great  difficulty,  because  water  was  scarce,  and  had  to 
be  brought  from  a  distance  of  some  two  or  three  miles. 
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CHAPTER  XII. 

THE   PROVINCE    OP   BIO    GEANDE    DO   NOETE. 

Limits  of  the  Province,  its  Position,  Mountain  find  lliver  Systems,  &b.  —  Tlie 
Rio  Piianhas.  —  Vagetation.  —  Productions.  — Tha  Carnabuba  Palm  and  its 
Uses.  —  Cochineal,  —  CatlJe.  —  Climate.  —  Natal.  —  Geology  of  the  Prov- 

TiiiB  province  occupies  tlie  extreme  nortlioastcrn  part  of 
Brazil,  and  forms  an  iiTcgiilar  quadrilateral  about  one  hmi- 
dred  and  eighteen  miles  in  greatest  length  from  east  to 
■west,  and  between  eighty  and  ninety  miles  in  width  from 
south  to  north.  From  Cear4  it  is  separated  by  the  so-called 
serra  or  plateau  of  Appodi.  Two  ■water-sheds  running 
north-south  divide  the  province  into  three  almost  equal 
parts.  The  eastern  of  these  ■water-sheds  is  fonned  by  a 
continuation  of  the  Serra  Borborema  or  tlie  Cairirfs  Novos, 
east  of  which  a  number  of  little  rivers  run  eastward  to  the 
sea ;  tliese  rivers  being  of  the  same  character  as  those 
of  Pernambueo  and  Bahia,  disappear  in  the  dry  season. 
Pompi^o  says  tliat  the  CearSrmerim  and  Trahiry  are  per- 
ennial. None  of  these  rivera  are  navigable  for  more  than 
a  few  miles  above  their  mouths. 

The  Bio  Piranhas,  -which  originates  in  the  province  of 
Pai'abyba,  passes  through  the  middle  third  of  the  pro-rince 
of  Eio  Grande  do  Norte  ■with  a  course  almost  due  north, 
emptying  into  tlie  sea  by  several  mouths,  forming  a  con- 
siderable delta.  This  river  is  sufScieiitly  large  to  allow 
small  vessels  to  ascend  about  seven  leagues  to  the  town  of 
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Ashu,  an  importaQt  place,  noted  for  its  cattle,  its  salines, 
and  commerce  in  salt.  The  Piranhas  takes  its  name  fcom 
the  fish  of  tlie  same  name,  which  abounds  in  its  waters. 

The  western  third  of  the  province  is  traveled  by  the  Rio 
Appodi,  of  which  the  Upanema  forms  a  branch.  These 
two  streams  take  their  source  in  the  serras  bounding  the 
province  on  the  south  and  flow  northward,  uniting  only 
a  few  mUes  from  the  sea,  Cazal  says  that  tlie  landa  border- 
ing the  Appodi  are,  for  the  most  part,  plains  diversified  by 
numerous  lagoons  that  dry  up  in  tlie  rainless  years.  The 
river  is  navigable  for  canoes  only  as  fai'  as  Santa  Luzia, 
six  leagues  from  the  ocean. 

The  greater  part  of  the  province  is,  like  the  province  of 
Parahyba,  dry  and  largely  covered  by  low,  sparse  vegetation 
(^Oaiingas  carrasquentas),  but  on  the  higher  lands,  where 
the  soil  is  good,  tliere  are  considerable  ai'eas  covered  by 
forest  and  adapted  for  cultivation.  Forests  are  also  found 
in  the  eastern  part  on  tlio  low,  swampy  grounds,  and  along 
the  banks  of  some  rivers. 

Cotton  and  sugar-cane  are  the  principal  procluctiona  of 
the  country,  and  are  cultivated  on  the  seiTas  and  river 
margins,  pai-ticularly  of  the  rivers  Cear^merim,  Carimataii, 
Potengf,  Trahiry,  &c. 

Pomp^o  says  that  there  were,  in  1862,  one  hundred  and 
eighty-five  sugar  factories  in  tlie  province,  producing  375,000 
arroba^.  The  camahuba  palm  (^Copemicia  cerifera)  is  cul- 
tivated largely  on  the  low  grounds,  and  is  one  of  the  most 
important  vegetable  productions  of  tlie  country.  This  beau- 
tiful palm,  which  is  met  with  all  over  the  northeastern 
provinces  of  Brazil,  is  of  so  much  interest  that  I  will  give 
a  short  description  of  it  and  its  many  uses. 

It  grows  to  a  height  of  thirty  or  thirty-five  feet.     The 
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leaf-stalks  remain  persistent  to  a  height  of  six  feet,  more  or 
less,  from  the  ground,  the  rest  of  tiic  stem  being  smooth. 
Tlie  fronds  are  fan-shaped,  fm-nished  witli  tliorns,  and  dis- 
posed in  a  close  ball-like  head,  so  that  tlic  tree  presents  a 
verj  different  appearance  fi'om  that  of  any  other  species  of 
palm. 

The  uses  to  which  tlie  different  part  of  the  plant  can  be 
put  are  exceedingly  numerous. 

The  roots  are  used  as  sarsapai'illa.  Tlie  stem,  when  about 
six  feet  high,  is  funiislied  witli  a  pith  which,  treated  with 
water,  gives  a  sort  of  meal  used  for  food  in  famine  times. 
The  adult  stem  is  an  excellent  timber  employed  in  building. 
The  midribs  of  the  fronds  are  used  for  making  fences,  &c., 
the  leaves  for  thatching,  the  fibre  for  cordage.  The  fruit, 
properly  cooked,  tastes  like  boiled  Indian  corn,  and  is  used 
for  food,      Tlie  gum  is  edible. 

Soon  after  the  young  leaves  have  opened,  they  arc 
cut  and  dried  in  tlie  shade.  Scales  of  a  waxy  substance 
are  then  easily  dislodged  from  their  surface,  and  may  be 
melted  over  a  fire  into  cakes.  This  is  the  cai-naliuba 
wax.  The  same  substance  is  said  to  be  furnished  also 
by  the  berries.  It  is  very  brittle  and  brown  in  color,  but 
it  may  be  bleached.  Mixed  with  common  wax  or  tal- 
low, it  is  made  into  candles  of  a  fair  quality.  The  pro- 
portion is  usually  three  parts  carjiaiiuba  to  one  part  wax, 
or  one  eighth  to  one  tenth  of  tallow.  (Burton.)  This 
palm  is  so  very  abundant  tliat  its  wax  is  likely  to  be- 
come a  very  important  article  of  export  from  the  northern 
provinces 

The  camahuba  may  be  occasionally  seen  in  the  prov- 
ince of  Bahia.  Burton  met  with  it  in  tlie  valley  of  the 
Sao  Francisco,  just  above  the  Barra  do  Rio  Grande,  but  it 
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is  most  abundant  growing  on  Uie  low  lands  bordering  tbe 
streams  in  the  provinces  of  Peniambuco,  Parabjba,  Ceardr, 
and  Piauliy.  The  wax  is  collected  to  a  considerable  extent, 
and  one  may  buy  camaliuba  candles  or  wax  all  along  the 
coast.* 

In  addition  to  sugai'  and  cotton  and  the  carnahuba,  rice, 
mandioca,  beans,  tobacco,  <fcc.  are  cultivated.  A  species  of 
cochineal  insect  is  found  in  Brazil,  living  on  the  leaves  of 
cacti,  and  it  has  been  supposed  that  it  might  be  cultivated 
successfully  in  this  province,  and  made  an  article  of  com- 
merce. Pomp^o  says  that  it  is  found  in  the  Sertao  of 
Serid(5,  but  he  does  not  say  whether  it  is  made  use  of  or 
not.f 

In  the  interior  large  herds  of  cattle  are  raised,  ajid  in 
1862  there  were  2,013  cattle  faaendas,  J  with  about  59,630 
head  of  cattle. 

The  climate  of  the  province  is  very  liot  and  dry,  and 
droughts  of  great  severity  sometimes  prevail. 

The  most  impoitant  place  in  Rio  Grande  do  Norte  is 
Natal,  situated  at  tlie  mouth  of  the  Potengy.  It  is  a  small 
town,  but  of  some  little  importance.  The  entrance  to  the 
river  is  very  diificult,  owing  to  shoals  and  rocks.  On  the 
southern  side  is  a  stone  reef  represented  ui  the  following 
sketcli-map  from  Almeida. 

*  See  Von  Martius,  Palms,  p.  49  ;  Di'.  MiinocI  Arrudn  da  CaraHvn  in 
Koster,  Travels  in  JBmril,  Vol.  II.  p.  311  ;  Brandc,  An  Account  of  a 
Vegetable  Wax  from  Brazil,  Phil.  Trans.,  1811,  p.  261;  Boiiasinganlt, 
Arm.de  GMmle,  Vol.  XXIX.  p.  330;  8!r  M.  A.  tie  Machedo,  Notice  suy  k 
palmier  Camauha,  Paris,  1667  ;  Agaasiz,  Jonmej  in  Brazil,  p.  453. 

t  Spix  and  Martins  (Travels  in  Brazil,  Vol.  II.  p.  19)  epeak  of  the  occur- 
rence of  the  cochineal  insect  in  the  province  of  Sao  Pavilo. 

X  Accioli,  Coroijrapliia  do  Brazil,  p.  61,  sajs  that  cheeae  and  butter  are 
manufacturea  and  exported  Ui  a  Konsiilcrable  extent. 
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The  coast  is  bordered  by  reefs,  Ijut  they  have  never  hocn 
examhied  by  a  competent  observer. 

So  far  as  tlie  geology  of  the  province  is  concerneil,  the 
southern  pai't  appears  to  be  largely  composed  of  gneiasose 
and  other  metamorphic  rocks,  which  form  m  the  interior  a 
high  and  more  or  less  mountainous  country  like  tliat  of  the 
provinces  immediately  south.  Bordering  this  is  a  consid- 
erable band  of  tertiary  rocks.  The  immediate  vicinity  of 
the  sea  is  flat,  aaiidy,  and  often,  as  in  the  vicinity  of  Natal, 
covered  by  dmies  of  blown  sand.  I  know  of  no  mines  or 
mineral  deposits  in  tlie  province,  tliough  gold  is  said  to 
occur  there.  In  the  E-xposition  UniverseJle  of  1867,  a 
specimen  of  native  sulphur,  said  to  have  come  from  this 
province,  was  exhibited.  I  know  of  no  localities  in  Brazil 
which  affonl  native  sulphur,  though  it  has  been  affirmed  to 
exist  on  the  ItatiaiosHii.  One  of  the  principal  products  of 
tlie  province  is  sea-aalt,  which  is  largely  manufactured  at 
the  Salinas  d'Asst'i  and  Mossorfi. 
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Character  of  the  Soil.  —  Productions.  —  City  of  BortaleKa.  —  Popnlalion  of 
tliB  Province.  —  GiU'dner's  Sketch  of  the  Geol<^  of  Ceari  —  Chai'ai'ler  of 
Country  in  the  Vicinity  of  Aracaty.  —  Description  of  Country  between 
Arneaty  and  Ico.  —  Serra  de  Pereira.  —  Villa  do  led  aad  Vicinity.  —  Coun- 
try between  M  and  Crato.  —  Gold  Washings.  —  Crato.  —  Serra  de  Araripe. 

—  Villa  da  Barca  do  Jaidim.  —  Description  of  Fossil  Fish  Locality.  —  The 
Fishes  noticed  by  Spix  and  Martina  and  Others,  and  described  by  Professor 
Agassia.  —  Glacial  Plienomena  of  Vicinity  of  Fottaleza  spoken  of  by  Pro- 
fessor Agassiz.  —  Mammalian  Remains.  —  Minerals.  —  Meleorolites. 

The  province  of  Cear^  is  bounded  on  the  north  by  the 
Atlantic,  on  the  east  by  the  provinces  of  Eio  Grande  do 
Noite  and  Parahyba,  on  the  aoutli  by  the  province  of  Per- 
nambuco,  and  on  tlie  west  by  Pianhy,  and,  according  to  Dr. 
Pomp^o,  has  an  area  of  4,681  square  miles.  Its  western 
boundary  line  is  formed  by  a  narrow  range  of  high  lands 
called  collectively  the  Serra  da  Ybiapaba.*  Pomp^o  says 
that  this  serra  begins  near  the  coast  not  far  from  the  eastern 
mouth  of  the  Parahyba,  and  runs,  under  tlie  names  of 
Serra  Grande,  Serra  da  Ybiapaba  or  Crath^us,  in  an  al- 
most southerly  direction,  to  the  coniines  of  tlie  province  of 
Pernambueo,  where  it  ties  in  with  Uie  great  serra  running 

*  This  name  is  spelled  in  a  vaiietj  of  ways,  as  Ybiapaba,  Hibiappaba,  Ipia- 
paba,  &c.  Some  wonM  make  it  mean  land  of  precipices.  According  to  tbe 
Diet,  da  Lingoa  Tupi,  Ih^  apdba  means  terra  lalliada,  or  gashed  land. 
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fiouthwest,  forming  the  water-shed  hetwccn  the  basins  of 
the  Parnahyba  and  SSo  Francisco,  and  called  the  Scrra  dos 
Dons  InnSos  or  Borborema. 

In  all  this  extension  tlie  seri'a  presents  steep  slopes  and 
often  precipitous  sides  towards  tlie  east,  but  its  top  is  per- 
fectly flat,  forming  a  cliapada,  according  to  Feijfi,  2,000 
to  2,400  teet  high.  This  chapada  is  in  some  places  from 
thii-ty-two  to  fifty-six  miles  in  width.  On  tlie  western  side 
the  slope  is  not  so  marked,  and  the  country  appears  to  grow 
gradually  lower  all  the  way  eastward  to  the  river  Parna- 
hyba. At  Crathei'is  the  serra  is  abruptly  broken  through 
by  the  valley  of  tlie  Poty.  As  to  the  exact  stracture  of  any 
part  of  this  serra  in  detail  our  information  is  very  scanty, 
but  fi.'om  the  observations  of  Gardner,  Capanema,  Feij6, 
PompSo,  and  otliers,  there  can  be  no  doubt  that  it  is  com- 
posed of  comparatively  modern  stratified  rocks  lying  hor- 
izontally on  distm'bcd  gneissose   and   other  metamorphic 


The  horizontal  strata  appear  to  be  principally  a 
Gardner  supposed  that  the  whole  range  was  cretaceous.  On 
tliis  head  I  shall  have  more  to  say  farther  on.  The  sen-a 
separating  the  Province  of  Ceai'i  from  Pernambuco  is  called 
Araripe.  This  range  is  of  the  same  general  character  as 
the  serra  just  described.  At  the  end  of  the  Termo  do  Jar- 
dim  it  grows  very  low,  and  Dr.  Pomp^o  describes  the  watei^ 
shed  between  the  B,iaeho  dos  Porcos,  which  flows  into  the 
Rio  Salgado  in  Cear^  from  tlie  Riacho  do  Mundo  Novo, 
which  flows  towards  the  SSo  Francisco,  as  of  very  little  ele- 
vation, and  it  has  been  tliought  practicable  to  connect  over 
it  the  waters  of  the  Eio  de  SSo  Francisco  with  those  of  the 
Salgado  in  CearS,.  Beyond  this  point  the  serra,  after  suffer- 
ing continual  interruptions,  stretches  northward  along  the 
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©astern  border  of  the  province,  until  ]iear  tlie  sea  it  moots 
with  the  Plateau  of  Appodi, 

The  province  is  divided  into  two  portions  by  a  line  of 
serras  which  runs  from  the  sea^shore  near  tlie  capital  south- 
west or  aoutli-soiitliwest  to  the  Serra  da  Ybiapaba.  The 
Boutlieastem  half  of  the  provhice  forms  a  single  river  basin, 
and  is  watered  by  t]ie  river  Jaguaribe  and  its  tributaxies. 
Tlie  western  is  watered  by  a  host  of  little  rivers,  all  flowing 
directly  into  the  sea. 

The  coast  forms  a  broad  belt  of  sands  but  slightly  elevated 
ahove  the  sea.  This  belt  varies  in  width  from  four  to  six 
leagues.  (Pomp^o.)  The  sands  are  light  and  piled  up 
more  or  less  in  dunes,  while  in  some  places  tliey  di'ift 
inland  to  a  considerable  distance.  The  low  coast  lands, 
which  have  a  coating  of  alluvial  matter,  are  very  fertile,  and 
are  planted  with  cane,  mandioca,  &c. 

From  the  coast  the  land  rises  gradually  towards  the 
serras,  and  is  uneven  though  not  properly  mountainous, 
being  diversified  by  hills  and  plains.  According  to  the 
descriptions  of  Dr.  Pomp^o,  the  sertao,  or  tlie  greater  part 
of  tlie  area  of  the  lower  country,  is  composed  of  mica-slate, 
gneiss,  and  other  metamorphic  rock.*  The  country  appears 
to  have  been  once  covered  by  a  sheet  of  sandstone  similar  to 
the  great  sandstone  formation  of  Piauhy,  to  be  described  in 
the  next  chapter.  This  has  been  denuded  to  a  great  extent, 
the  sandstone  in  many  cases  being  left  capping  the  hills. 

The  chmate  in  the  interior  is  very  hot  and  dry,  but  on 
the  searcoast  it  is  moist  and  more  tempered  by  the  refresh- 

*  Pompeo,  Ensaio  Eslatistico  da  Proeincia  do  Cmrd,  p.  145,  says ;  "  In  the 
serRCo  limestone  and  marble  occur  in  many  places,  as  in  the  Serrote  lie  Canta- 
gallo  ( Caiainho  de  Baturiti),  where  the  rock  is  a  piimitive  marble,  Gihoia,  fonr 
or  five  leagues  from  the  capital,  &c.,  &o.  Capanema  riiporSs  graphite  in  con- 
nection with  limestone. 


,db,Google 


PKOVIKCF.  OF  ceaeX.  459 

iiig  breezea  that  blow  in  from  tlie  ocean.  The  greatest 
heat  experiejieed  on  the  sertao  is  35"  Cent.  (95°  Fahr.),  and 
the  temperature  does  not  fall  below  18°  Cent.  (64.4  Fahr.) 

The  rainy  season  begins  in  January  or  March  and  lasts 
until  June.  The  rest  of  the  year  is  ■without  rain,  the  rivers 
and  streams  dry  up,  and  occasionally  the  want  of  water  over 
certain  tracis  is  such  tliat  the  inhabitants  are  obliged  to 
leave  for  more  favored  districts.  Accioli  *  says  that  in 
1792  a  drought  prevailed  for  four  months,  and  caused  the 
inhabitants  of  seven  frequeziaa  to  abandon  them  entirely .f 
Other  noted  seccas  prevailed  during  the  years  1825  and  1845, 

Pomp^o  divides  the  soil  into  beiror-mar,  which  is  fitted  for 
E^ricultm'al  piurposes ;  montuoso,  productive  and  covered 
■with  forest;  and  sertcio,  dry,  cut  up  by  taboleiros,  hills,  &o., 
and  with  brooks  dry  during  the  summer. 

The  sertao  is  valuable  for  pasturage,  and  OearS,  is  noted 
for  its  cattle,  of  which,  according  to  official  papers,  there 
-were,  in  1854,  about  810,000  head,  with  nearly  40,000 
horses.  Cheese  is  manufactured  in  considerai)le  quantity, 
not  only  for  home  consumption,  but  for  export. 

Among  the  natural  vegetable  productions  may  be  men- 
tioned the  following:  The  Quina,  ipecacuanha,  tatajuba, 
jacarandA,  cedro,  pAo  d'arco,  and  a  host  of  other  species  of 
woods  valuable  for  building  and  dying  purposes,  and  the 
balsamo,  jatobd,  almescar,  manegoba,  cai-nahuba,  cajii,  man- 
gaba,  &c.,  &c. 

Cotton,  coffee,  sugar-cane,  and  the  other  vegetable  pro- 
ductions of  Northern  Brazil,  are  here  cultivated.  $ 

trasil,  p.  49. 
y  gl^phio  acconnt  of  llie  drouglita  of  the  nortlieastem  coast  of  EraKil 
is  to  be  found  in  KoBter's  Travels  in  Brazil. 

J  Pompe'o  gives  tlie  following  amounts  of  cotloti,  sugar,  and  coffee  exported 
between  July,  1857,  and  April,  1858;  Cotton,  S3,552;  sugar,  121,697;  Coffee, 
304,009  aiTObas. 
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The  capital  city  is  Fortaleza,  or  Cear^,  a  city  of  some 
16,000  inhabitants,  situated  on  the  coast  about  two  leagues 
distant  from  tlie  mouth  of  the  river  Ceard.  Its  principal 
importance  consists  in  its  export  of  coffee.  Besides  the  capi- 
tal tliere  are  seven  other  small  cities  in  tlie  provuace,  namely, 
Aracaty,  eight  miles  above  the  mouth  of  the  Jaguaribe  on 
Uie  east  bank,  a  place  uext  to  the  capital  in  importance, 
and  noted,  amongst  other  things,  for  its  manufacture  of 
camahuba  candles,  sole-leather,  &o.,  &c;  Ic<5,  a  fearfully 
hot  place,  about  thirty  leagues  from  Aracaty,  on  the  Rio 
Salgado ;  Crato,  situated  in  a  fertile  district  eighty  leagues 
from  the  sea  ;  Granja,  at  the  mouth  of  the  river  Oamocira, 
a  good  port  and  stopping-place  for  steamers  from  Pernam- 
buco ;  Quixeramobim,  a  little  city  in  a  cattle  district  in  the 
sertSo ;  Baturit^,  sixteen  leagues  from  the  capital,  and  noted 
for  its  activity  in  the  cultivation  of  coffee,  sugar-cane,  &c.  ; 
and  Maranguape,  also  noted  for  its  coffee  and  sugar  planta- 
tions. 

The  whole  population  of  the  province  is  probably  about 
540,000. 

In  the  year  1841  Gardner  published,  in  the  "  Edinburgh 
New  Philosophical  Journal,"  *  a  short  paper  on  the  geology 
of  Ceari.  This  article  gives  so  clear  and  minute  a  descrip- 
tion of  the  country,  and  contains  ao  many  important  geologi- 
cal facts,  that  I  think  it  worthy  of  being  reproduced  almost 
in  full,  particularly  since  I  shall  have  to  examine  critically 
some  of  his  general  conclusions  arrived  at,  not  only  in  this 
paper,  but  also  in  his  since  published  "  Travels  in  Brazil." 

*  Geological  Notes  nwiiJe  during  a  Journey  from  the  Coast  into  the  Interior 
of  the  Province  of  Ceali,  in  the  North  of  Eraial,  embradng  an  Account  of  a 
Deposit  of  Fossil  wishes,  by  George  Gardner,  Esq.,  Edinburgh  New  Philosophi- 
cal Jonmal,  April,  1841,  p.  75. 
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Mr.  Gardner  says  :  ■ — ■ 

"  I  landed  at  the  northesist  corner  of  the  province,  at  the  town 
of  Aracaty,  wMoh  is  situated  on  the  east  bank  of  the  Bio  Jaguaribe, 
at  three  leagues  from  the  coast  The  first  thing  that  struck  me 
on  my  tirrival  ■was  the  flatness  of  the  country  around  it,  reminding 
one  of  the  descriptiona  which  are  given  of  the  pampas  of  Buenos 
Ajres.  With  the  exception  of  a  few  low  sand-hills  towards  the  sea, 
and  a  round,  isolated  one  about  eight  hundred  feet  high,  situated 
two  and  a  half  le^uea  to  the  southwest  of  the  town,  called  the  Serra 
de  Arer^,  there  is  nothing  to  interrupt  the  uniform  level.  The  soil 
for  many  leagues  around  is  of  a  sandy  natiire,  and  the  cbaraoter- 
istie  vegetation  is  »  beautiful  species  of  palm  called  eamahuba  by 
the  Brazilians.  It  is  the  Gorypha  eeri-fera  of  Martiiis,  and  is  so 
abundant  that,  on  my  journey  south  to  the  Villa  do  Ic(S,  I  rode  for 
about  two  days  through  a  forest  of  almost  nothing  else.  Two  and 
a  half  leagues  to  the  south  of  Aracaty  I  first  met  with  rocks 
This  was  on  erosamg  the  nver  at  a  place  cUled  the  Pas&agem  das 
Pedras,  I  f  und  them  to  consist  of  thm  strata  of  gneiss  almost 
m  a  vertital  jostion  The  little  mdmation  fihit.h  they  had  -^as 
t  waids  the  noi-thive^t  m  the  duection  if  the  a!  ove  mentioned 
Serra  de  Aier^  From  this  place  to  the  Villa  dc  Sao  Bernardo  a 
di&taace  of  a  I  ttle  less  than  eight  leagues  the  countrj  continues 
perfeUlv  flat  b\it  the  gioutid  amon_,  the  eamahul  a  palms  and  in 
several  lar^e  open  sfaces  ilmost  dest  tute  of  ve^etatim  ciUed 
vargens  is  covered  with  alundance  cf  gravel  and  this  which 
e^ttnds  ovei  large  tracts  gives  it  the  appearance  of  the  dried  up 
bed  of  an  jmrnpnee  n^er  Intermingled  with  th  s  gravel  theie 
aie  nimerous  boulders  of  lar  us  sizes  the  higest  I  saw  not  bemg 
m  re  than  four  feet  hi^h  They  aie  all  more  ji  le^^s  rounded  and 
consist  f  „ianite  gneiss  an  1  quartz  For  the  next  ten  leagues 
the  country  oont  nnes  neailv  of  the  same  chara«tei  with  the 
exception  of  a  low  range  of  gravelly  hills  i  ni  ing  from  east  to 
west  and  woodel  with  shrubs  and  small  tiees  the  nmst  conmon 
(.f  whn,h  iH  a  species  of  mimosa.     During  tlie  next  ten  lei^uc^  a 
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alight  but  perceptible  rise  of  the  country  takes  place.  The  soil  is 
generally  a  yellow-colored  clay,  in  maay  places  thickly  covered  with 
gravel  and  bonlders,  while  in  othera  gneiaa  rocks  are  seen  cropping 
out  and  forming  often  long  slightly  elevated  ridges  covered  with  a 
species  of  cactus  and  a  large  bromelia.  Their  strata,  like  those 
farther  down,  are  almost  vertical.  In  this  tract  camahuba  palms 
become  less  numerous,  and  small  dicotyledonous  trees  and  shrubs 
more  abundantj  but  all  of  them  in  the  dry  seaeon,  at  which  time 
I  paMed,  destitute  of  leaves.  These  deciduous  woods,  which  often 
cover  large  tracts  of  country,  are  called  catingas  by  the  Brazil- 
ians. These  tracts  are  still  farther  characterized  hy  three  large 
species  of  cacti,  beSonging  to  the  genus  Cereua.  During  the 
nest  twenty  leagues,  which  brought  me  to  the  Villa  do  Ic6,  the 
nature  of  the  country  differs  in  ^ain  becoming  more  level,  con- 
sisting of  large  open  campos  or  vargens,  the  vegetation  of  which, 
during  the  dry  season,  is  quite  burnt  up,  but  they  are  said  to 
yield  abundance  of  grass  during  the  rains ;  and  the  catingas  or 
deciduous  woods  are  much  lai^er  than  they  are  farther  down. 
The  rocks  are  gneiss  and  quartz,  and  in  several  places  large  tracts 
are  covered  with  fragments  of  the  latter,  more  or  less  rounded. 
At  about  ten  leagues  below  Ico,  the  monotonous  level  of  the  coun- 
try is  varied  by  a  mountain  range,  which  makes  its  appearance  to 
the  eastward.  This  is  the  Serra  de  Pereira.  It  I'uns  from  the 
southwest  to-the  northeaat.  It  is  sixteen  leagues  in  length,  but 
its  greatest  height  is  not  more  than  one  thousand  feet  above  the 
level  of  the  plains  in  which  it  is  situated.  The  structure  of  its 
southwest  extremity  at  least  is  entirely  primitive,  but  near  its  base 
I  observed  a  coarse  red  conglomerate,  containing  rounded  fragments 
of  both  primitive  and  secondary  rocks. 

"  The  Villa  do  Ic6,  which  is  one  of  the  fiaest  in  the  interior  of 
the  north  of  Brazil,  is  situated  on  the  east  bank  of  the  Rio  Ja- 
guaribe,  in  the  middle  of  one  of  the  large  open  campos  which  I 
have  already  described,  and  during  the  dry  season  is  one  of  the 
most  miserable  places  imaginable  to  live  in.     The  country  around 
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it  is  then  so  much  dried  up  that  not  a  green  leaf  is  to  be  seen ; 
and  the  river,  which  during  the  rains  is  of  considerable  size, 
becomes  quite  dry.  The  houses  are  all  built  of  brick,  which  are 
made  from  a  very  good  kind  of  clay  found  in  the  neighborhood, 
and  are  all  whitewashed  on  the  outside  with  a  white  limestoae, 
which  ie  found  about  ten  leagues  to  the  west  of  the  villa. 

"  From  Ic6  I  went  to  the  Villa  do  Crato,  which  is  about  thirty- 
four  leagues  to  the  southwest  of  the  former  place.  Between  these 
two  places  the  country  ie  of  a  more  hilly,  undulating  character, 
more  abundantly  wooded,  the 'trees  larger,  and  many  of  them  ever- 
green. Owing  to  these  circumstances  but  few  of  the  large 
campos  which  eiist  below  Ic6  are  met  with.  The  carriage  of 
goods  between  Aracaty  and  Ico  is  effected  io  lai^e  wagons,  gener- 
ally drawn  by  twelve  oxen ;  but  the  hilly  nature  of  the  country 
between  Ico  and  Crato  does  not  admit  of  this  mode  of  conveyance, 
the  backs  of  horses  and  even  of  osen  being  made  use  of  instead. 
Shortly  after  leaving  Ic6  I  passed  over  the  southwest  end  of  the 
Serra  de  Pereira  at  a  place  where  it  has  but  a  slight  elevation  and 
consists  entirely  of  gneiss.  From  this  place  to  the  Tilla  das 
Lavras  da  Mangaheira,  a  distance  of  about  ten  leagues,  the  country 
is  of  a  gently  undulating  nature,  and  in  many  places  well  wooded. 
This  villa,  which  is  situated  close  to  the  Kio  Jaguaribe,  takes  its 
name  from  a  number  of  small  gold-workings  (lawns)  which,  from 
time  to  time,  for  many  years  past,  have  been  wrought  in  its  neigh- 
borhood, Nothing,  however,  was  done  to  any  extent  till  about 
two  years  ago,  when  two  English  miners  were  sent  for  by  a  com- 
pany in  the  city  of  CearS,  the  capital  of  the  province.  They  con- 
tinued their  labors  till  about  two  months  before  I  passed  through 
the  place,  having  been  recalled  by  their  employers.  I  could  not 
learn  what  amount  of  gold  they  had  obtained,  but  the  persons  of 
whom  I  made  inquiries  remai'ked,  with  apparently  much  truth, 
that  they  did  not  believe  it  was  sufficient  to  repay  the  t 
or  the  work  would  not  have  been  abandoned.  The  gold  is 
found  ill  small  particles,  in  a  dark-colored  diluvial  soil,  at   e 
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siderable  lept!  }  t  tl  e  place  being  shut  up,  I  had  not  an  oppor- 
tunity ff  exai    n    t,  t 

"At  alxit  e^hteen  leagues  below  Crato  I  lost  sigbt  of  the 
gneiss  lo  ks  and  for  tl  e  next  four  found  them  replaced  by  a  gray- 
colored  pi  m  t  ve  J  y  alate.  At  the  termination  of  this,  the 
secondary  stratified  series  begins,  the  few  rocks  which  I  met  with 
from  thence  to  Crato  coniaistiDg  of  a  white  coarse-grained  aand- 
stone. 

"  The  small  Villa  do  Crato  stands  in  the  middle  of  a  large 
undulating  yalley,  which  is  bounded  to  the  soutb,  to  the  west,  aiid 
to  the  north  by  mountains  which,  in  their  highest  parts,  do  not 
rise  more  than  from  1,200  to  1,500  feet  above  the  level  of  the 
town.  The  country  around  is  very  fertile,  producing  abtmdanoe 
of  cane,  from  which  an  impure  sugar,  in  the  form  of  small  square 
cakes,  is  made,  mandioca,  Indian  com,  rice,  cotton,  and  tobacco, 
besides  all  the  varieties  of  fruit  which  are  to  be  met  with  on  the 
coast.  The  great  canse  of  this  fertility  is  the  numerous  springs 
which  exist  along  the  foot  of  the  mountains.  The  small  streams 
which  proceed  from  these  are  divaricated  in  a  thousand  directions, 
for  the  purpose  of  irrigating  the  plantations.  The  mountains  are 
branches  of  the  long  range  which  separates  the  provinces  of  the 
ccast  from  that  of  Piauhy  to  the  west,  which  here  receives  the 
name  of  Serra  de  Araripe.  Their  tops  are  perfectly  level,  and  ex- 
tend so  for  many  leagues  to  the  westward  and  southward,  forming 
what  the  Brazilians  call  Taboleiras.  I  have  ascended  this  range 
in  all  directions,  and  have  universally  found  it  to  consist  of  a 
generally  white-colored  sandstone,  but  in  many  places  it  is  of  a 
reddish  tinge.  In  the  bed  of  one  of  the  largest  streams  which  pro- 
ceed from  it,  where  a  section  of  the  rocks  to  a  considerable  depth 
is  formed,  I  found  a  stratum  of  limestone  about  three  feet  thick, 
immediately  below  the  sandstone,  and  below  it  another  of  an 
impure  coal,  two  feet  thick,  resting  on  another  stratum  of  lime- 
stone. Nothing  seems  to  have  disturbed  the  strata,  as  they  all 
lie  in  a  perfectly  horizontal  position,  and  the  level  nature  of  the 
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sen'a  proves  that  tliia  is  general.  In  the  limestone  I  could  meet 
witii  no  fossil  remains.  The  temperature  of  two  of  tlie  springs, 
which  rise  at  the  base  of  the  serra  I  found  on  esamlnation  to  bu 
75°  Fahrenheit. 

"  That  pait  of  the  sevra  which  lies  to  tbe  south  of  Ci'ato  is  a 
branch  which  runa  about  ten  leagues  to  the  eastward.  On  the 
south  side  of  it  there  ia  another  amall  villa  called  Barra  do  Jardim, 
distant  from  Crato  about  fourteen  leagues.  I  went  to  this  place 
partly  for  the  purpose  of  botanizing  and  partly  to  make  a  collec- 
tion of  fossil  fishes,  which  I  was  informed  were  found  in  great 
plenty  in  its  neighborhood.  The  road  skirts  along  the  base  of  the 
serra  in  a  southeast  direction  for  about  five  leagues,  at  the  termi- 
nation of  which  it  is  necessary  to  ascend  It  for  the  purpose  of 
crossing  to  the  other  side.  The  ascent  is  far  from  being  good,  it 
being  left  entirely  in  the  hands  of  natiu'e.  The  only  rock  I 
observed  was  sandstone,  similar  to  that  which  exists  at  Crato. 
The  breadth  of  the  serra  here  is  nearly  eight  leagues,  and  during 
the  whole  of  this  distance  the  road  is  as  level  as  a  bowling-green ; 
and,  as  no  water  is  to  he  found  on  it,  travellers  are  obliged  to 
supply  themselves  with  it  before  ascending.  For  small  parties  it 
is  carried  in  calabashes,  but  when  many  pass  together  a  horse  is 
provided  to  carry  two  lai^e  leather  bagfiila.  These  Talwleiras 
are  generally  thinly  wooded,  with  small  trees,  the  principal  of 
which  are  a  species  of  Garyocar  called  Pike,  a  small  tree  belong- 
ing to  the  natural  order  Apocyuacese,  which  produces  a  delicious 
fruit  called  Mai^ba,  a  6ne  species  of  Bryaonema,  the  Cashew 
[ciy'li]  {Anacardittm  occidentals),  a  purple-flowered  Qualm,  and 
several  small  leguminous  trees  belonging  to  the  division  Rectem- 

"  The  VOla  da  Barra  do  Jardim  stands  in  a  smalt  valley,  upwards 
of  a  league  in  length,  and  in  its  broadest  part  about  half  a  league 
in  breadth.  It  is  bounded  to  the  north  and  east  by  the  branch  of 
the  serra  which  T  crossed  over,  and  to  the  west  by  another,  but 
neither  so  broad  nor  so  long.    Having  made  inquiries  for  the  place 
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where  the  fossil  fishes  were  to  be  found,  I  was  directed  to  a  rising 
ground  which  extends  along  the  foot  of  the  serra.  On  my  arrival 
at  an  open  place  of  this  gently  sloping  ridge  to  the  north  of  the 
villa,  I  found  the  ground  covered  with  great  abundance  of  stones 
of  varioTia  sizes,  and  I  was  informed  that  almost  every  one  of 
them  on  being  brokon  presented  some  part  or  other  of  a  fish. 
These  fragments  I  soon  found  to  consist  of  compact  fawn-colored 
limestone.  They  are  of  all  sizes,  from  pieces  not  larger  than  an  egg 
to  blocks  of  sereral  feet  in  circumference,  and  are  almost  all  rounded 
and  smoothly  polished,  having  apparently  been  for  a  long  time 
under  the  influence  of  a  current  of  water.  They,  in  general,  split 
very  readily,  and  a3most  all  of  them  present  pai'ts  of  a  fish  in  a 
more  or  le^  perfect  stttte.  But  by  far  the  greater  number  of 
them  are  so  much  broken  that  it  is  with  considerable  difficulty 
tolerably  perfect  specimens  can  be  obtained.  The  spot  which 
these  aton^  occupy  is  cot  above  an  hundred  yards  squEire,  and 
almost  no  other  stone  is  mixed  with  them  ;  but  on  every  side  of 
this  deposit  the  ground  is  covered  with  little  rounded  sandstones, 
aimilav  to  the  rock  of  which  the  serra  is  composed.  Besides  this 
1  afterwiirds  visited  other  deposits,  one  half  a  league  to  the  south 
of  it ;  one  at  a  place  called  Maocapg,  five  leagues  to  the  east  of 
Jardim  ;  and  another  at  Mundo  Novo,  three  leagues  to  the  west : 
all  perfectly  similar  to  the  one  I  have  described,  beii^  all  situated 
on  the  declivity  of  the  low  hills  which  stand  between  the  valley 
and  the  serra,  and  all  occupying  places  which  are  almost  altogether 
free  from  other  kinds  of  stone.  From  these  places  1  have  obtained 
a  suit-e  of  specimens,  embracing  upwards  of  a  dozen  species  of 
fossil  fish,*  They  vary  in  size  from  those  of  a  few  inches  in  length 
to  others  which  must  have  been  several  feet;  and  all  of  them,  so 
for  as  my  limited  knowledge  of  the  subject  allows  me  to  judge, 
except  two  species,  belong  to  the  order  Gydoidew  of  M.  Agassiz. 
The  most  abundant  species  ia  one  of  those  which  do  not  belong  to 

*  Mr,  J.  E.  Bowman  in  i  note  says:  "Agassii;  malics  them  bnt  seven 
species,  nnd  iffcvs  three  of  tliom  to  the  Ctenuiil  yvoup," 


,db,Google 


PEOVrSCE   OF   CEARA.  467 

this  order.  Of  it  I  po^esa  a  nearly  perfect  Bpecimeii  about  a  foot 
and  a  half  long,  but,  judging  from  other  fragments  of  the  same 
species,  it  must  have  attained  a  much  larger  size.*  It  has  the 
head  very  much  elongated,  and  the  scales  of  the  baclt  and  abdo- 
men are  angular,  while  those  of  the  sides  consist  of  but  one  row 
of  long,  narrow  ones,  arranged  vertically.  Of  the  other  species  I 
only  possess  the  tail  and  a  very  small  part  of  the  body.  It  differs 
from  the  last  in  appearing  to  be  entirely  covered  with  small 
angular  scales  Both  cf  them  I  h  ive  no  doubt  btlunj;  to  tho  fiidei 
Ganoidew  ot  M  Agas^iz  t 

"  On  breaking  these  stones,  ^ume  of  thena  exhibit  abundance  of 
a  minute  bivilve  shell,  and  it  Mundo  No\o  I  met  with  a  very 
perfect  specimen  of  what  I  belic\e  will  prove  to  1  e  a  specie'^  of 
TmTilites,  about  sji  mch  and  a  hilf  long,  and  a  single  valve  ot  a 
Venus  about  half  an  mch  m  length  ind  m  verj  estellent  piesei 
vation.  Both  of  them  ivere  found  m  the  same  fiagmeat  of  hme 
stone.  I  WIS  informed  by  a  peroon  in  Jj,rdim  that  a  few  jeais  ago 
he  found  a  small  seipent  coded  up  m  a  stone  which  had  been  split, 
but  this,  nr  doubt,  was  a  species  of  Ammonites  In  the  several 
hundred  stones,  however,  which  I  bioke  in  seiich  of  fish,  I  met 
with  nothing  of  this  description  During  my  excuisions  m  the 
neighborhood  of  Baira  do  Jardim  I  nowhtie  niPt  with  limestone 


When  we  come  to  diacu'^b,  in  the  next  diaptei,  the  ge- 
ology of  tlie  neighbonng  pio\ince  of  Piauhy,  we  shall  hi\e 
an  opportunity  of  ■^peing  how  coriect  Di  Gaidnei'?  conclu- 
sions are  with  reference  to  the  age  of  tlie  sandstone  beds. 

*  "  The  Hah  here  described  is  the  Aspidorlii/achus  Cwaploai  Agasa.  — 
J.  E.  E." 

f  Specimons  of  these  fish  find  their  way  nli  along  the  coast,  und  it  may  be 
well  for  fnture  observers  to  remember  this.  I  had  n  specimen  of  Aspido- 
rhyndius  given  me  at  PenSdo,  imd  specimens  of  another  genus  ivei'e  sent  me 
recentlj  hy  Mr.  Laue'  fiOJO  Miiroim. 
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Tlie  above  paper  was  followed  in  the  same  journal  hj 
a  communication  by  Professor  Agassiz,  in  which  the  species 
of  fossil  fish  were  named  and  described,  the  opinion  being 
expressed  that  tliey  were  of  cretaceous  age. 

The  first  notice  I  have  seen  of  the  fossil  fishes  of  Piauliy 
and  CearS,  is  made  by  Spix  and  Martins  in  their  Travels, 
one  of  the  species  being  figured  in  the  atlas  accompanying 
tlieir  work. 

Li  1838  Mr.  Nicolet  placed  in  tlie  hands  of  Professor 
Agassiz  a  few  specimens  he  had  received  from  Pernambuco. 

Gardner's  specimens,  in  tlie  collections  of  Mr.  Bowman, 
the  Marquis  of  Southampton,  Lord  Enniskillen,  and  Sir 
Philip  Egerton,  were  examined  by  Agassiz  in  1840,  Two 
years  later  M,  F.  Cliabrillac  sent  to  M.  Elie  de  Beau- 
mont from  Pernambuco  a  few  more  specimens  he  had 
obtained  from  Cear3,.  These  were  placed  in  the  hands  of 
Professor  Agassiz,  who  made  a  long  report  on  them  in  a 
letter  addressed  to  M.  Elie  de  Beaumont,  published  in  the 
Oomptes  Bendus,  Vol.  XVni.  p.  1007.  In  this  letter  Agas- 
siz enumerates  seven  species  as  known  to  him  fi'om  tlie 
provmce  of  Ceard,  viz. :  — 

Aspidorhpnchvs  Comptus  Ag. 

Lepidoius  temnurus  Ag. 

SJtacolepis  buccalis  Ag. 

Rhacolepis  Olfersii  Ag. 

Wiacolepis  latua  Ag. 

Gladocyclus  Gardneri  Ag. 

Calamopleurus  cylindricus  Ag. 

Professor  Agassiz  in  the  above-mentioned  letter  restates 
his  belief  in  the  cretaceous  age  of  the  fishes ;  and  recent 
examinations  of  considerable  collections  m  Eio  confirm  him 
m  tliis  opinion. 
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From  Oeard,  the  capital  of  the  province,  Professor  Agassiz 
made  a  journey  to  the  seri-as,  and  studied  the  glacial  phe- 
nomena there  exhibited.  Between  the  sea  and  tlie  SeiTa 
de  Aratauha  he  reports  that  he  found  everywhere  on  the 
higher  lands  a  morainie  soil  with  boulders. 

"On  this  very  seira  of  Aratanha,"  says  Mrs.  AgaasiB,  "  at  the 
foot  of  which  we  happen  to  have  talcen  up  our  quarters,  the  glacial 
phenomena  are  as  legible  aa  in  any  of  the  valleys  of  Maine,  or  in 
those  of  the  niountains  of  Cunibeiiand  in  England.  It  had  evi- 
dently a  local  glacier  formed  by  the  meeting  of  two  arms,  which 
descended  from  two  depressions  spreading  right  and  left  on  the 
upper  part  of  the  aerra  and  joining  below  in  the  main  valley.  A 
large  part  of  the  medial  moi-aine  formed  by  the  meeting  of  these 
two  arms  can  still  be  traced  in  the  central  valley.  One  of  the 
lateral  moraines  is  perfectly  preserved,  the  village  road  cutting 
through  it;  while  the  village  itself  is  built  just  within  the  ter- 
minal moraine  which  is  thrown  up  in  a  long  ridge  in  front  of  it."* 

At  tlie  close  of  the  chapter  from  which  I  make  the  above 
exti'act  Professor  Agassiz  himself  says  :  — 

"  I  spent  the  rest  of  the  day  in  a  special  examination  of  the 
right  lateral  morakie  aud  part  of  the  front  moraine  of  the  glacier 
of  Pacatuba;  my  object  was  especially  to  ascertain  whether  what 
appeared  a  moraine  at  first  might  not,  after  all,  be  a  spur  of  the 
serra  decomposed  in  place.  I  ascended  the  ridge  to  its  very  origin, 
aud  there  crossed  into  an  adjoining  depression,  immediately  below 
the  sitio  of  Captain  Henriques,  where  I  foimd  another  glacial  bot- 
tom of  smaller  dimensions,  the  ice  of  which  probably  never  reached 
the  plain.  Everywhere  in  the  ridges  encircling  these  depre^ions 
the  loose  materials  and  large  boulders  were  so  accumulated  and 
imbedded  in  clay  or  sand  that  their  morainie  character  is  un- 
mistakable. Occasionally,  where  a  ledge  of  the  underlying  rook 
*  A  Journey  in  BraKil,  p.  456.    Tlie  Sc;rra  du  Acatanlia  is  composed  of  sneiss. 
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crops  out,  in  places  where  the  drift  has  been  removed  "by  denudar 
tiou,  the  difference  between  the  moraine  and  the  roclc  decomposed 
in  place  is  recognized  at  once.  It  is  equalJy  easy  to  distinguish 
the  boulders  which  here  and  there  have  rolled  down  frona  the 
mountain  and  stopped  against  the  moraine.  The  three  things  are 
aide  by  aide,  and  might  at  first  be  easily  confounded,  but  a  little 
femiliarity  makes  it  easy  to  distinguish  them.  When  the  lateral 
moraine  turns  towai-d  the  foot  of  the  ancient  glacier,  near  the 
point  at  wliich  the  brook  of  Pacatuba  cuts  through  the  former, 
and  a  little  to  the  west  of  the  brook,  there  are  colossal  boulders 
leaning  agaiust  the  moraine,  from  the  summit  of  which  they  have 
probably  rolled  down.  JTear  the  cemetery  the  front  n 
sists  almost  entii-ely  of  small  quartz  pebbles ;  there  a 
a  few  large  blocks  among  them.  The  medial  i 
nearly  through  the  centre  of  the  village,  while  the  left-hand  lateral 
moraine  lies  outside  of  the  village,  at  its  eastern  end,  and  is  trav- 
ersed by  the  road  leading  to  CearS.  It  is  not  impossible  that 
eastward,  a  third  tributary  of  the  serra  may  have  reached  the 
main  glacier  of  the  Pacatuha.  I  may  say  that  in  the  whole  valley 
of  Haali  there  are  no  accumulations  of  moraiuio  materials  more 
characteristic  than  those  I  have  found  here,  not  even  about  the 
Kirchet ;  neither  are  there  any  remains  of  the  kind  more  striking 
about  the  valleys  of  Monet  Desert  in  Maine,  where  the  glacial 
phenomena  are  so  remarliable  ;  nor  in  the  valleys  of  Loch  Fine, 
Loch  Augh,  and  Loch  Long  in  Scotland,  whoro  the  traces  of 
ancient  glaciers  are  so  distinct." 

From  Dr.  Felice,  a  land  sui'veyor  familiar  with  the  Serra 
Grande,  Professor  Agassiz  learned  tliat  "  there  is  a  wall  of 
loose  materials,  boulders,  stones,  &c.,  running  from  east  to 
west  for  a  distance  of  some  sixty  leagues  from  the  Hio 
Aracaty-assii  to  Bom  Jesus  in  the  Serra  Grande  "  ;  and  this 
wall  Professor  Agassiz  believes  to  be  a  part  of  the  lateral 
moraine  left  by  a  great  Amazonian  glacier. 


d  by  Google 


PROVINCES    OP    CKAIiA.  471 

Bones  of  huge  Mammals,  Mastodons  and  Megatlieria,  are 
abundant  in  various  pai'ts  of  the  province,  and  perfect  skel- 
etons have  been  found.  Some  of  tlie  localities  are  tlie  fol- 
lowing: Santa  Oatharina,  (lag6a,)  Sitio  Ci'onz6,  at  the  foot 
of  the  Serra  Ybiapaba  at  Inhamuns ;  between  Oratheue  and 
Quiseramobim ;  Timbauba ;  in  the  place  called  Sucatinga  a 
skeleton  was  found  in  an  excavation,  and  part  was  sent  to 
Kio ;  at  Sta.  Cruz,  in  a  lagQa,  anotlier  skeleton  was  found. 

The  following  notes  on  the  mineral  productions  of  tlie 
province  are  taken  from  Dr.  Pompi^o's  Ensaio:  — 

A-methi/sls.  Seriu  do  Taxii.  Some  of  the  crystals  from  this  prov- 
ince are  very  lai^e  and  of  a  beautiful  color. 

Gi/psum.    Araiip«  (Fibromj  Cairirl. 

Salti^elre.  Found  aU  over  the  interior,  but  more  particularly  at 
the  following  places :  Tatajuba,  where  it  was  extracted  by  the 
government ;  Pindoba  (govemaient  works) ;  Tagycioca  em  Guru ; 
Camahubal  em  Sao  Pedro  de  Villa  Vii^aa;  BoasaG  na  Granja; 
Concei^iio,  Ciiru;  Piran^,  Choro;  Uruburetama;  Ipii,  &c. 

Salt.  In  various  parts  of  the  Jardim,  of  the  Sertao,  and  especially 
in  the  Aracaty-assfi,  the  waters  are  impregnated  with  salt.  Ab 
elsewhere  there  are,  in  argillaceous  soils,  salt  licks  muuh  fre- 
quented by  cattle.  Salt  is  lately  manufactured  on  the  coast 
from  sea-water. 

Ahm.  Feijo  says  that  a  considerable  surface  in  the  Inhamuns  is 
covered  with  alum.     Capanema  reports  it  irom  Araripe, 

Magrteiia.    Cafmid.6,  Inhamuns. 

Garbonate  of  Potaseiam.    Ipu,  Serra  Grande,  Crato,  S.  Gon^alo. 

Amiamtkus.    Cairiri,  in  veins.     Quixeramobim  near  Lavras. 

Ligmte.    Quixeramobim. 

Gold.*   Granja,  Baturit6,  Crato,  Termo  de  Milagres,  Ipu,  Rio  Sal- 

*  Feijd,  qnoted  hjDr.Pompiio,  Ensaib,  &C.,  152,  says  :  "Deoi 
BE  mius  on  menos  rostisios  poi'  tiidos  os  riaclios,  oorregos  e  vetk 
laiihofi,  que  fbi-raao  as  costaueiras  da  scira  grande,  desJe  h  Timi 
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gado  from  Missao-Vclha  to  Lavras.     In  all  these  places  the 
gold  occurs  in  gi-ains  or  powder  in  sands,  gravels,  or  clays ;  its 
source  is  not  known. 
Copper.    Said  to  occur  in  the  Scrra  Grande  and  elsewLere. 
Zinc.   Sao  Pedro,  near  the  Serra  da  Maosinha,  Ternio  de  Milagi-es. 
"  Dr.  Theljei^  says  that  Le  encountered  near  Milagrea  a  large 
quantity  of  hlende  (sulphide  of  zino),  so  abundant  that  in  cer- 
tain localities  it  was  only  necessary  to  bnni  a  clearing  to  reduce 
the  metal,  which  ran  into  the  hollows,  where  pounds  in  weight 
were  collected,"   (Pomp&).) 
Galena.   Ipu,  Quiseramobim. 

Molybdate  of  Lead.  (Capanema.)  Near  Villa  Nova. 
Sulphide  of  Antimony.    (Capanema.)    Near  Villa  Kova. 
Graphite.    BaturitS,  Quiseramobim,  &c. 

Specular  Iron.    Caogati.     Iron  ore  occurs  in  many  localities  in  the 
province. 

In  the  Gompies  Rendm,  Tome  5"",  p.  211,  I  find  a  statement 
that  on  the  11th  of  December,  1836,  a  large  meteor  passed  over 
Ceara  and  exploded  over  the  village  of  Macao,  at  the  entrance  of 
the  river  Assfi,  showering  down  over  a  large  ti-act  of  country  frag- 
ments of  stone,  many  of  which  peneti-ated  houses  and  destroyed 
cattle.  One  of  these  fragments  was  sent  by  M.  F.  Borthou  at 
Paris  for  analysis. 

riB,  com  particnlaridatfe  nas  vertentes  do  Saigaclo,  AoaracU  e  Jaguaribe,  no 
Inhamuna,  Banabuihil,  Qtiixeramobini,  e  cabeceiras  de  Jnre.  Em  todas  essas 
vettfintes  e  tevrenos  visinhos  basta  lavar  a  terra  que  se  acha  debaixo  do  casealho 
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CHAPTER  XIV. 

PROVINCE   OP   PIAUHY. 

OeograpWcal  Position,  Limits,  &c.,  of  tlie  Province.  — The  Rio  Pamaliyba  and 
its  Tributaries. — Description  of  its  Basin.  —  General  Geological  Slructaii; 
find  Topogiapliy  of  the  Province.  — Table-topped  Hills  of  Sandslonel  —  The 
Seria  (los  Dous  Irm!tos  and  its  Structure.  —  Discnsaion  of  Gardner's  Obser- 
vations on  the  Geology  of  Pianhj-  and  Cearti.  —  Gardner  mialaken  in  refer- 
ring the  gi'eat  Sandstone  Sheet  to  the  Cretaceous.  —  Sandstones  probably 
Teriiaiy.  —  Their  great  Extension  over  Brazil.  —  Distribution  of  the  Creta- 
ceous Beds  in  BriiBil.  —  Climate  of  Piauhy.  —  The  Campos  Mi mosos  and  the 
Campos  Agrastea.  — Pecniiarities  of  their  Vegctatiou.  —  Pioductions  of  tlie 
Province,  Population,  &c. 

The  province  of  Piauliy  fonna  a  rathei'  long  and  irregular 
strip  lying  west  of  the  province  of  CearS,,  and  to  the  north- 
west of  Pernambiico  and  Baliia.  Its  area  is  about  equal 
to  that  of  Bahia,  and  it  embraces  all  tlie  country  watered 
by  the  tributaries  of  the  Parnahyba  on  the  eastern  side. 

This  river  takes  its  rise  in  the  Serra  da  Tabatinga  in 
Goyaz,  nearly  on  the  same  parallel  aa  that  on  which  the 
mouth  of  the  E.io  de  SSo  Francisco  is  situated,  and  in  the 
angle  formed  by  the  union  of  the  two  hydrographical  basins 
of  the  Tocantins  and  SSo  Francisco.  Its  course  is  approx- 
imately north-northeast;  and  Pomp<5o  gives  its  length  as 
330  leagues,  which  appears  to  me  to  be  altogether  too  high 
an  estimate.  The  same  autlior  says  tliat  it  is  navigable  for 
a  distance  of  260  leagues.  It  has,  according  to  Pomp^o,  six 
mouths,  hut  I  cannot  learn  whether  it  has  a  regular  delta. 

On  the  west  side,  in  its  very  upper  course,  a  few  small 
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streams,  namely,  Hie  Balsaa,  Ealsiiihas,  Peiiitente,  &c.,  unite, 
and  with  one  or  two  other  little  rivera  enter  the  main  stream, 
but  for  tlie  remainder  of  the  distance  to  the  sea  the  Par- 
iialiyba  flows  so  close  to  tlie  western  rim  of  tlie  hydro- 
graphical  basin  that  it  does  not  receive  another  affluent  of 
importance  from  that  side.  On  the  east,  liowever,  it  re- 
ceives a  host  of  little  rivers  which  take  their  rise  in  the 
Serra  dos  Dous  IrmSos  and  its  continuation  the  Serra  da 
Ybiapaba.  Moat  important  among  these  is  tlie  Gurgueia, 
which  drains  the  extensive  lake  of  Paranagud,,*  the  Ca^ 
nind^,  and  tlie  Poty. 

The  Rio  Paniahyba  is  a  wiiitc-water  stream,  flowing  for 
the  most  of  its  course  through  level,  more  or  less  swampy 
lands,  grown  up  with  thick  bushes  and  groves  of  caraaliuha 
and  piasaaba  palms.  It  is  without  obstructions,  and  naviga^ 
ble  for  a  great  distance. 

The  baain  of  the  Parnahyba  is  a  one-sided  one,  the  drain- 
age being  towards  the  east. 

As  tire  little  coast  streams  east  of  tlie  Paniahyba  are  com- 
prised within  the  limits  of  tlie  province  of  Ceara,  Piauhy 
has  a  coast  line  of  only  about  tweuty  miles,  extending 
from  the  mouth  of  the  Parnahyba  to  Oie  Barra  do  Igua- 
rasafi.  The  base  of  the  country  consists  in  the  south  and 
southeast,  at  least,  of  gneiss  and  other  metamorphic  rocks, 
much  inclined,  but  the  greater  part  of  the  country  is  over- 
spread by  a  thick  sheet  of  sandstone  in  horizontal  strata, 
extending  southward  to  tlie  edge  of  the  baein. 

This  sheet  of  sandstone  has  been  very  extensively  worn 
away  by  the  rivers,  and  between  them  are  isolated  table- 
topped  hills  or  extensive  chapadas.     Such  is  the  character 

*  The  same  name  is  applied  to  tlio  bay  on  wliieh  the  principal  seaport  of  the 
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of  the  country  iii  tho  vicinity  of  Oeiraa,  where  the  sandstone 
is  of  a  reddish  tint,  and  is  sometimes  exposed  in  perpen- 
dicular cliffs.  The  Arraial  de  SKo  Gon^alo  is  sitimted  at 
the  foot  of  one  of  tliese  sandstone  hills,  which  is  four  hun- 
dred feet  high.*  The  Serra  da  Topa  is  another  sandstone 
mountain,  the  rocks  being  of  a  white  or  pale  red  color  aiid 
disposed  ill  terraces,  the  top  being  perfectly  flat. 

These  sandstones  lie  oh  a  basis  of  metamorphic  strata, 
■which  has  a  gentle  slope  northward  or  nortlieastward,  and 
just  south  of  tlie  Lake  ParanaguS,  they  lap  up  over  these  older 
rocks,  abutting  against  the  Serra  dos  Dous  Irmaos,  reaching, 
according  to  Mr.  St.  John,  a  level  of  about  1,500  feet. 
Westward  they  rise  towai-d  tlie  so-called  SeiTa  de  Ybiapaba. 
The  question  now  is,  whether  they  tie  in  with  the  sandstones 
of  the  Ybiapaba,  and  of  the  ChapadSo  da  Mangabeira,  or 
whetlier  tliey  are  newer  tlian  the  sandstones  of  Jacobina 
and  the  SSo  Prancisco-Tocantins  divide.  From  all  that  I 
have  been  able  to  learn  I  think  that  they  will  be  found  to 
form  part  of  tlie  great  sandstone  sheet  of  Miiias,  Goyaz, 
&G.,  and  that  the  table-topped  hills  of  Piauhy  will  be  found 
to  be  the  exact  equivalents  of  tliose  of  Santarem,  Monte 
Alegre,  &c.  The  clays  and  sandstones  of  tlie  lower  grounds 
bordering  the  coast  would  seem  to  belong  to  the  same  series 
as  those  of  the  vicinity  of  Pard.. 

The  water-shed  between  the  hydrogi'aphical  basins  of  the 
SSo  Francisco  and  the  Paraahyba  is,  according  to  the  testi- 
mony of  Spix  and  Martins,  Gardner,  and  other  travellers,  a 
low,  very  gentle  swelling,  composed  of  gneiss,  mica-schist, 
and  other  similar  rocks,  all  more  or  less  disturbed  and 
denuded  down  very  evenly,  as  is  the  case  with  the  similar 
strata  forming  the  divide  between  the  SSo  Francisco  val- 

*  Aldde  a'Orliignj,  Voi/age  Pilioresque,  U9. 
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ley  and  that  of  the  Paraguassi!i,  and  with  a  gentle  slope  both 
to  tlie  east  ajid  west.  This  gneiss  ridge  is  about  1,250  feet 
in  height  where  the  road  from  Oeiras  to  Joazeiro  crosses  it. 

Gardner,  in  describing  tlie  joiu-ney  from  Pai-anagu^,  across 
the  water-shed,  soutliward  into  tlie  proTince  of  Pernam- 
buco,  says  that,  shortly  after  having  pt^sed  the  boundary  of 
the  province  of  Piauliy,  an  elevated  table-land  is  reached 
called  the  Serra  da  Batalba,  which  he  describes  as  being 
covered  on  its  slopes  with  huge  blocks  of  sandstone,  of  wMch 
he  supposed  the  serra  to  be  composed.  Two  other  seiTas 
of  the  same  character  lie  to  the  south,  and  Gardner  supposes 
tliem  all  to  form  part  of  one  great  range. 

Padre  Cazal,  in  bis  Corographia,  says  that  in  some  parts 
the  serra  dividing  Pernambuco  from  Piauhy  has  two  or  three 
leagues  of  chapada  on  top. 

Prom  Mr.  St.  John's  observations  it  would  appear  that  in 
some  places  the  sandstones  are  completely  removed,  as  is 
the  case  in  Bahia  also. 

That  the  Serra  dos  Dous  Innaos  should  have  its  capping 
of  sandstone  is  not  wonderful,  when  we  find  the  SeiTa  da 
Tbiapaba  so  capped  to  a  height  of  over  two  thousand  feet, 
and  when  on  the  highest  land  on  the  SSo  Francisco-Para- 
guassti  divide  we  find  patches  of  the  same  rock,  forming  a 
series  of  chapadas  traceable  southward,  and  tying  in  with 
the  chapadas  of  tlie  Pardo  and  Jequitinhonha  valleys. 

The  age  of  the  sandstones  of  the  Serra  da  Ybiapaba  and 
the  Serra  de  Araripe,  and  also  of  the  great  sandstone  sheet 
covering  so  large  an  area  in  the  province  of  Pianhy,  remains 
to  be  determined.  Gardner  has  called  them  all  cretaceous. 
Let  us  examine  upon  what  grounds  he  baa  based  his  con- 
clusion. The  whole  matter  turns  upon  the  relation  the 
fish-bed  bears  to  the  strata  composing  the  serra.     He  says 
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in  liis  "  Travels  "  (p.  202)  tliat  "  the  place  where  these  [fish] 
were  found  was  on  the  slope  of  a  low  hill  about  a  mile  from 
tlie  seiTa,"  and  tliat  the  specimens  all  come  from  loose 
masses,  rounded,  as  he  erroneously  supposed,  by  the  action 
of  wat«r,  and  scattered  over  a  very  limited  surface.  He 
consequently  did  not  see  them  in  place.  Owing  to  his  find- 
ing in  the  immediate  vicinity  pieces  of  sandstone  *  like 
tliat  which  form  the  serra,  he  arrived  at  the  conclusion  that 
t!ie  fishes  come  from  the  sandstone,  and  that  because  the 
fishes  were  cretaceous,  therefore  the  serra,  and  not  only  the 
serra,  but  all  the  great  extension  of  sandstones  coveiing  the 
northeastern  shoulder  of  Brazil,  must  be  cretaceous  also,  aud 
he  even  went  so  far  as  to  divide  these  rocks  into  a  series  of 
groups,  referring  tliem  to  European  horizons. 

The  fishes  do  not  occur  in  rolled  masses,  as  Gardner 
says,  but  in  concretions,  as  Mr,  Bowman  has  remarked  in  a 
note  to  Gardner's  paper,  and  as  I  can  also  testify  after  an 
examination  of  specimens  in  my  own  collections.  The 
occurrence  of  tliese  concretions  on  a  surface  unassociated 
with  other  rock  would  lead  one  to  suspect  that  they  had 
weathered  out  of  some  softer  rock,  and  this  is  confirmed  by 
a  statement  made  by  PompSo,  on  the  authority  of  Dr.  The- 
berge,that  the  fossils  are  found  in  "  an  exti'emely  sticky  clay." 
Tlieberge  says  that  they  either  occur  in  this  way  or  at  the 
bottoms  of  deep  valleys  in  brooks  whose  bed  is  a  schistose 
limestone,  so  that  we  have  no  evidence  whatever  that  these 
fossils  occur  in  the  sandstones  of  the  serra ;  on  the  contrary, 
tliey  occur  m  a  band  of  rocks  lying  well  below  the  sand- 
stones, and  bared  m  the  valleys  by  the  denudation  of  the 
sandstones,  so  that  we  may  safely  conclude  that  they  are 

litHo 
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older  than  the  sandstones.*  Gardner  was  misled,  in  the 
first  place,  into  tlie  belief  that  the  sandstones  were  creta^ 
ceous  from  finding  rocks  having  some  resemblance  to  flint, 
and  by  mistaking  for  chalk  a  white  tabatinga  clay  on  the 
top  of  the  serra,  dug  by  the  inhabitants  for  use  in  white- 
washing. That  flie  cretaceous  rocks  form  an  extensive  series 
underlying  the  sandstones  is  very  probable,  because  Gardner 
speaks  of  a  number  of  localities,  aU  of  which  he  describes 
as  being  situated  on  the  declivities  of  low  hills  skirting  tiie 
base  of  the  serra.  On  the  west  side  of  the  Serra  da  Tbiapaba 
he  found  a  similar  deposit  of  fossil  fishes,  which  would  lead 
one  to  suppose  that  this  serra  was  also  underlaid  by  tlie 
same  deposit. 

Gardner,  in  his  "  Travels,"  says  that  the  series  of  creta^ 
ceous  rocks  in  Ceard  and  Piauhy  forming  the  serras,  &c., 
consists  in  descending  order  of — ■ 

1.  White  chalk  with  flints  exposed  in  pits,  and  partially 
overlaid  by  red  diluvial  clay. 

2.  Sandstone  with  ichthyolitos,  equivalent  to  the  English 
upper  green  sand. 

3.  A  series  of  marls,  soft  and  compact  limestones,  and 
lignite,  equivalent  to  the  Enghsh  gault. 

4.  A  ferruginous  sandstone  deposit,  equivalent  to  the 
lower  green  sand  or  Shanklin  sands. 

Now,  of  this  series,  the  white  "chalk"  is  a  Tabatinga 
clay.  There  is  no  evidence  that  it  contains  flints,  and 
he  himself  says  that  he  found  none  in  any  of  the  "  clialk- 
pits "  he  examined.  In  the  second  place,  thei'e  is  no  evi- 
dence that  the  fossil  fishes  occur  in  the  sandstones,  and  if 
*  lu  a  paper  reati  at  the  Salem  meeting  of  the  American  Association,  I  ven- 
tured to  state  my  strong  Buspjcion  that  the  beds  aflbrding  the  fishes  would  turn 
out  to  he  disturlied  and  inclined,  like  the  other  crotacean  heds  in  Easlecn  Bi'a^il, 
when  PcofesEor  Agassiz  retnarkecl  that  this  had  been  reported  by  Dr.  Continho. 
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they  did  tliey  would  not  prove  tlie  deposit  to  be  upper  green 
sand,  since  Professor  Agassiz  has  called  attention  to  the 
resemblance  borne  by  Aspidorht/nchits  Comptoni  and  Lepi- 
dotus  iemnurus  to  allied  species  of  the  chalk  of  Kent.  So 
far  as  the  third  and  fourth  aeries  are  concerned,  Gardner 
found  no  fossils  in  tliem,  and  their  cretaceous  age  is  un- 
proved. PompiSo,  with  Capanema  most  probably  as  author- 
ity, gives  the  following  as  the  succession  of  rocks  in  the 
serra  of  Araripe  ;  — 

The  uppermost  beds,  A,  consist  of  beds  of  Psamenito, 
sandstone  of  a  reddish  color,  witli  bluisli,  sometimes  black 
nodules.  Below  these  comea  a  bed,  B,  of  an  exceedingly 
foliated  limestone,  under  which  lies  a  bed,  0,  of  black 
clay  (?),  (Tan^),  with  layers,  a  palm  in  thickness,  of  a 
bluish  and  very  hard  sandstone,  containing  veins  of  pyrites 
and  galena  (?),  or  with  a  very  bituminona  schist  containing 
the  same  sulphides  and  spherical  nodules.  This  is  in  turn 
underlaid  by  a  series  of  sandstones,  D,  leas  argillaceous  in 
character.  In  a  sandstone  similai'  to  this  occurring  at  St. 
Pedro,  Dr.  Gon^alves  Dias  found  fossil  wood. 

Of  this  series,  A  corresponds  to  No.  2  *  of  Gardner's 
series,  B  and  C  to  No.  3,  while  the  lowest  sandstones  of  his 
series  may  or  may  not  correspond  to  D. 

Both  of  the  above  sections  appear  to  have  been  made  in 
the  Serra  de  Araripe,  near  Crato.  Gardner  says  he  saw  no 
limestone  in  sUA  at  Jardim. 

That  tliese  horizontal  sti'ata,  and  especially  tlie  sand- 
stones, have  anciently  had  an  immense  extension  over  the 
surface  of  Ceard  there  cannot  be  the  least  doubt,  as  Dr. 
Capanema   has    remarked,   for   the   sandstones    are   often 

*  Gnrdner  mimbera  the  beds  from  below  upwards ;  atcoiiiinjjij'  this  would 
con-eapond  to  hig  Ho.  3. 
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found  capping  isolated  hills,  at  a  long  distance  from  the 
serra.  Indeed,  there  seems  every  reason  to  believe  that  the 
provinces  of  Cear^  and  Pianhy  were  covered  with  it  even 
beyond  the  coast  line.  It  has  been  swept  away  very  largely 
from  the  coast  and  tlie  basin  of  the  Jaguaribe  almost  to 
Orato. 

The  upper  part  of  the  Serra  da  Ybiapaba  for  apparently 
its  whole  length  ia  composed  of  the  sandstone,  and  the 
plateau  of  Apodi  seems  to  be  formed  in  part  of  it.  It  is 
true  that  where  Spix  and  Martius  crossed  tlie  Serra  dos 
Dous  IrmSos  they  found,  up  to  the  highest  point  of  the 
pass,  1,250  feet,  only  metamorphic  rocks ;  but  they  found 
overlying  these  rocks  thick  beds  of  laminated  clay  (schiefer- 
than),  and  they  report  the  Serra  da  Topa  as  composed  of 
Quaderscrndstein.  Mr.  St.  John  did  not  meet  with  the 
sandstones,  but  Gardner  did  in  crossing  the  Serra  da 
Eatallia,  and  he  describes  the  top  as  a  flat  chapada.  The 
Chapada  de  Sta.  Maria,  lying  between  the  Sao  Francisco 
and  the  eastern  branch  of  the  Tocantins,  is  another  dead- 
level  table-land  composed  of  sandstone,  sontli  of  which 
comes  the  great  ChapadSo  de  Urucuia,  evidently  only  the 
prolongation  of  the  CbapadlEo  de  Sta.  Maria.  On  the  oppo- 
site or  southern  side  of  the  valley  of  the  Urucuia  we  see 
the  chapadf^  once  more. 

In  the  southern  part  of  Minas,  as  already  remarked,  Uiere 
are  the  chapadas  between  Piumliy  and  Passes  on  tlic  Rio 
Grande,  east  of  which  is  the  immense  ChapadSo  de  Taba- 
tinga,  some  two  hundred  miles  in  length,  between  the  two 
branches  of  the  Parand,  the  Paranaliyba,  and  Rio  Grande. 
Tlien  we  have  the  elevated  plains  of  the  provinces  of  Sao 
Paulo  and  Parang,  composed  in  great  part  of  argillaceous 
sandstones.     Tlie  valley  of  the  Sao  Francisco  to  the  Cacho- 
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eira  de  Paulo  Affonso  is  filled  with  horizontal  deposits,  calca- 
reous in  the  upper  pai-t  of  the  yalley,  silicious  aud  calcareous 
in  the  lower  part.  East  of  the  valley  of  tlie  Sao  Francisco 
we  fmd  the  hills  of  the  water-shed  between  the  SSo  Francisco 
basin  and  tlie  streams  flowing  eastward  into  tlie  Atlantic 
capped  here  and  there  with  horizontal  deposits,  wora  away  on 
every  side ;  the  basins  of  the  Rioa  Pardo  and  Jequitinhonha 
are  filled  with  these  beds,  and  everywhere  they  rise  to  a  very 
uniform  height  over  the  country,  —  a  height  of  2,000  to  3,000 
feet  above  the  sea.  "Westward  we  linow  that  an  immense 
tract  of  country  in  the  province  of  Matto  Grosso  and  the 
Amazonas  is  covered  in  like  manner  with  similar  deposits. 
All  tliesc  facts  speak  of  a  very  uniform  submergence  of  the 
whole  country  to  a  deptli  of  at  least  2,000  or  3,000  feet 
below  the  present  sea  level,  during  which  the  valleys  were 
filled  up  with  beds  of  clays,  sandstones  more  or  less  argil- 
laceous, limestones,  &c.,  to  a  greater  or  less  height.  These 
deposits  appear  in  great  part  to  have  been  rapidly  formed 
in  the  bottom  of  a  muddy  sea,  tlie  material  being  derived 
from  tlio  decomposed  rock  crust  covering  the  country, 

Tlie  fossil  fislies,  according  to  Agaasiz,  resemble  those 
of  tlie  European  sSnonien,  so  that  if  the  sandstones  are 
cretaceous  they  must  belong  to  the  very  uppermost  di- 
vision of  tliat  formation.  "VVe  have  seen  how  this  same 
great  formation  extends  over  almost  the  whole  Empire,  but 
nowhere  tliat  I  have  lieard  of  affording  a  shigle  fossil.  But 
on  the  coast  outside  the  edge  of  the  plateau,  lying  on 
the  extension  of  the  gneiss  basis,  we  have,  beginning  at  tlie 
Abrolhos  and  extending  northward  through  Ealiia,  Sergipe, 
Pernambuco,  and  Parahyba,  a  great  series  of  cretaceous 
rocks  belonging  to  different  epochs  in  that  period.  Wher- 
ever I  have  seen  them  they  are   always   disturbed,  while 
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tliey  moreover  form  border  deposits  abruptly  abutting  tlie 
edge  of  tlie  plateau,  showing  that  the  plateau  was  out  of 
water  when  they  were  deposited.  These  cretaceous  beds 
are  compact  sandstones,  shales,  limestones,  conglomer- 
ates, &c. 

The  beds  of  the  great  sandstone  formation  approach  the 
cof^t  in  very  many  places,  as  on  tlie  Rio  de  SSo  Francisco, 
where  they  make  their  appearance  near  the  Cachoeira  de 
Paulo  Affonso.  But  tliey  are  everywhere  horizontal,  and  are 
nowhere  disturbed  by  the  foldings  wliich  tdted  the  beds  of 
the  cretaceous  a  few  leagues  to  the  east.  But  the  cretaceous 
beds  of  the  coast  are  overlaid  by  a  series  of  clays,  sandstones, 
&o.,  which,  though  strictly  a  coast  formation,  bears  in  litho- 
logical  character  a  very  close  resemblance  to  the  great  sand- 
stone sheet  of  the  interior.  Tliis  latter,  which  is  overlaid  by 
the  drift  I  have  referred,  as  already  stated  elsewhere,  to  the 
tei-tiary ;  but  this  coast  formation  is,  I  tliink,  without  doubt, 
younger  than  tlie  similar  formation  of  the  ulterior,  so  that 
the  latter  must  be  eitlier  upper  cretaceous  or  tertiary,  and 
I  must  give  it  as  my  firm  conviction  that  it  will  be  found 
to  be  the  latter. 

As  to  the  occurrence  of  drift  in  tlie  province  of  Piauby, 
1  have  no  information  whatever. 

I  know  of  no  workable  mines,  though  gold  is  said  to  occur 
at  Olho  d'Agua,  near  Oeiras, 

The  climate  of  Piauby  is  hot  and,  according  to  Pomp^o, 
rather  damp.  It  is  apt  to  be  very  prejudicial  to  foreigners, 
especially  in  the  low  grounds  along  the  banks  of  the  Par- 
nahyba,  Poty,  and  other  streams,  where  intermittent  fevers 
are  prevalent. 

The  inhabitants  make  a  distinction  between  the  vegeta- 
tion of  tlie  eastern  part  of  the  pro^"ince  and  the  central  and 
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western  part.  That  of  the  former  region  is  called  mimosa, 
and  is  characterized  hy  catinga  forests,  wliile  its  plants  are 
furnished  witli  an  abundance  of  haira  and  prickles,  stiff 
leaves,  small  flowers,  a  very  tender  fibre,  and  very  often  a 
milky  juice,  Gardner  says  tliat  the  gi'asses  of  the  mimoso 
pastures  are  annuals,  their  color  is  a  brighter  green,  and 
they  have  more  pliant  leaves  than  those  of  the  agrestes. 
Spix  and  Martins  give  a  long  list  of  grasses  which  ai-e 
cliaracteristic  of  the  campos  mimosos. 

The  campos  agrestes  of  Lower  Piauhy  consist  in  part  of 
woods,  in  part  of  quite  open  plains.  The  trees  are,  accord- 
ing to  Gardner,  almost  all  deciduous,  and  many  are  gnarled 
and  stunted.  Swamps  ai-e  not  infrequent  and  support 
clumps  of  Eurita  palms.  The  grasses  of  the  open  plains 
ai'e  coarse  and  perennial. 

Tlio  rains  begui  in  October  and  last  until  April,  heavy 
thunder-stoi-ms  prevailing  during  that  season. 

The  principal  industry  of  the  province  consists  in  the 
raising  of  cattle,  and  agrioulture  is  pursued  only  to  a  small 
extent. 

The  population  amounts  to  about  250,000,  of  whom  about 
30,000  ai-e  slaves.  The  capital  is  Thei-esina,  which  has 
about  6,000  inhabitants.  The  other  cities  are  Oeiras  and 
Pai-nahyba.     The  latter  is  particularly  unhealthy. 
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CHAPTER  XV. 

THE   PROVIXCES   OF  JIARANHAO,  PARA,   AJ)D  AMAZONAS* 

SandstoncB  of  tho  Coast  of  Maracliiio.  —  The  Interior  composed  of  MetamorpJiio 
Eocks.  —  Golit-Mines  of  Tnrf  and  Maracufieum^.  —  Climate  of  tlie  Province. 
—  Gains.  —  Cides  of  Moranliao,  Caxias,  &e.  —  Pororooa  or  Eocc  at  the 
Month  of  the  Eivcv  Mearim.  —  Professor  Agasaii'a  Sketcli  of  tiio  Geologj', 
of  tlie  Amazonian  Vslley.  —  His  Theory  of  tlie  Mode  of  Deposition  of  the 
AmamiiiaB  Bads.  —  DiseuaBion  of  ttiia  Question.  —  Cretaceons  Rocks  in  the 
Amaioaiatt  Vailey. 

The  coast  of  the  Province  of  MaranliSo  is  low  and  flat, 
and  consists  of  a  tertiary  ferruginous  sandstone  passing 
into  conglomerate,  and  overlaid,  bb  in  the  vicinity  of  the 
port  of  Maranliao,  by  a  series  of  sandstones  and  clays. 
Gardner,  apparently  on  the  principle  that  all  sandstones 
must  be  cretaceous,  refers  this  series  to  that  formation, 
while  Spix  and  Martins,  as  usual,  call  the  rock  Quader- 
sandstein.  The  sandstones  and  associated  rocks  form  a 
line  of  high  red  cliffs  along  the  shore  of  the  island  on 
which  Maranhao  is  built,  just  nortli  of  the  city,  east  of 
point  SSo  Marcos.  On  the  mainland  west  of  the  channel  a 
similar  line  of  cliffs  stretches  from  the  village  of  Alcantara 
to  the  curious  landmaj'k,  Mount  Itacolumi.  The  same  rocks 
extend  far  np  the  valley  of  the  Itapicurfi,  on  the  banks  of 

*  That  this  name  was  given  in  commemoration  of  the  snpposed  tribe  of 
female  warriors  described  by  Oreliana  there  cannot  be  the  slightest  doubt. 
The  attempt  to  derive  it  from  amassima,  a  word  not  to  be  found  in  the  Poctu- 
gnese  dictionarF,  fella  into  Hie  same  category  as  the  derivation  of  JfaronSniJ  fi'Om 
mar  oil  nSo?  OT  Alemmder  the  Great  fromaSeggs  ander  the  grate !  It  is  not  the 
Eio  Amazonas,  but  the  Eio  das  Amazonas,  the  river  of  the  Amaaons. 


,db,Google 


PEOVIUCES   OF  MAEANHAO,   PARA,   AND  AMAZONAS.       4S5 

which  at  Mangue  Alto  they  were  obsen'ed  by  Spix  and  Mai-- 
tius  to  lie  on  granite  containing  pistacite,  and  at  Cachoeira 
tliis  rock  passed  into  a  syenitic  form. 

Mr.  St.  John,  who  descended  the  Itapicuru  and  made 
a  considerable  stay  at  Maranbao,  will  doubtlesa,  in  bia  re- 
port on  the  geology  of  the  country,  ftimisli  us-mth  valua- 
ble iuformation  concerning  the  character  and  extent  of  the 
sandstone  deposits. 

In  the  south  and  west  the  country  is  biglier,  more  un- 
equal, and  very  largely  composed  of  ancient  nictamorpiiic 
rocks. 

Gold  occurs  in  the  province,  and  is  or  has  been  worked 
by  a  mining  company;  but  I  have  been  rtiiable  to  obtain 
facts  bearing  upon  the  natiu-e  of  the  deposits  or  their  yield. 
The  two  principal  mines  ai's  those  of  Turf  and  Mara- 
cassumc?. 

The  climate  of  MaranhSo,  —  situated  as  the  country  is  on 
the  edge  of  the  great  Amazonian  valley,  of  which  we  are  told 
by  Professor  Agassiz  it  anciently  formed  a  pai-t,  —  has  the 
same  general  character  as  tliat  which  prevails  on  the  Ama^ 
zonas,  being  hot  and  damp ;  tlie  greatest  heat  is  about  31° 
Cent.,  97.8"  Falir.,  and  the  lowest  21°  Cent.,  69.8°  Fahr. 
(Pomp^o.)  "  Tlie  rains  begin  with  great  regularity  at  the 
end  of  December,  although  from  October  on  showers  occur, 
commonly  called  the  chuvas  de  cajH  [the  cashew-i-ains]. 
Tlie  rains  are  very  abundant,  and  accompanied  by  much 
thmider  and  lightning,  becoming  more  frequent  and  heavy 
in  May,  the  end  of  the  winter  setison."*  From  June  to 
December  the  winds  called  ventos  g-eraes  blow  steadily  from 
the  northeast  or  east-northeast  during  the  day,  and  during 
the  nightrtime  from  the  east. 

*  Poinpiio,  (Jwjraphm,  p.  391, 
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The  climate,  except  in  tlie  vicinity  of  tlie  Paranaliyba 
Eiver,  is  said  to  be  quite  healthy. 

A.  great  pai't  of  the  country  is  heavily  wooded  witli  the 
virgin  forest,  but  in  the  iiitei'ior  there  are  some  extensive 
campos  and  alluvial  flats  often  inundated  during  the  rainy 
season.  Tlie  principal  products  of  the  cotintry  consist  of 
i-ice  aiid  cotton,  although  a  little  coffee  is  planted.  A 
large  number  of  cattle  are  I'aiaed. 

Tlie  population  of  the  province  amounts  to  about  390,000 
inhabitants. 

Tlie  capital  is  MaranliSo,  a  beautiful  city  of  35,000  inhab- 
itants, built  on  an  island  lying  off  the  mouth  of  the  Itapi- 
curfi  Eiver.  Alcantara  is  another  considerable  town  sit- 
uated on  the  mainland  opposite  the  capital,  and  in  the 
midst  of  a  region  noted  for  producing  a  most  excellent 
quality  of  cotton. 

The  city  of  Caxias,  on  the  navigable  river  Itapicuni, 
about  three  hundred  miles  from  Maranliao,  is  a  large  town, 
tlie  centre  of  an  important  trade  with  the  interior.  Caro- 
lina, on  tlie  Tocantins,  is  a  town  of  but  little  importance. 

About  twelve  leagues  west  of  the  capital  of  the  pi'ovince 
is  the  mouth  of  the  river  Mearim  or  Meary.  This  river  has 
so  strong  a  current,  and  its  channel  is  so  shai>ed,  that  it  causes 
the  tide  to  enter  with  a  bore.  Cazal  says  that  the  river 
suspends  for  a  long  time  tlie  rise  of  the  tide,  then  it  comes 
in  witli  great  fury,  rising  in  a  quarter  of  an  hour  the  dis- 
tance it  had  taken  nearly  nine  hours  to  fall,  and  tlien 
running  for  three  hours  with  the  rapidity  of  a  mill-race, f 

*  The  viver  is  navigated  by  Eteam. 

t  Speaking  of  this  river,  Cazal  says :  "  Sen  alvo  lie  profniiilo,  e  largo ;  e  sua 
corronte  tflo  rapida,  que  suEpmide  a  enchente  da  maivS  pov  lai^o  tempo  ;  i-esnlt- 
undo  dcsta  opposi^ao  ondns  encapelladas,  chatniidaa  ptirOracas,  quo  depois  de 
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It  will  be  Temembered  that  a  similar  plienomenon  is  wit- 
nessed at  the  mouth  of  tlie  Araazonas,  and  in  the  vicinity  of 
Pari,  where,  as  in  Maranhao,  the  bore  is  called  pororoca. 

Professor  Agassia  has  treated  so  largely  of  the  physical 
geography  of  the  provinces  of  ParS.  and  Amazonas,  or  the 
Amazonian  valley,  in  the  "  Journey  in  Bi'aail,"  tliat  it  is  not 
necessary  for  me  to  repeat  here  any  of  his  conclusions ; 
besides,  the  limits  of  tliis  volume  forbid  that  I  should  at 
tliis  time  entfir  upon  the  discussion  of  so  fraitful  a  subject. 
I  shall  therefore  confine  myself,  so  far  as  the  Amazonas 
is  concerned,  to  a  very  condensed  statement  of  Professor 
Agassiz's  views  with  reference  to  the  origin  and  sti-ati- 
graphy  of  the  various  formations  which  occupy  the  Ama- 
zonian valley,  and  with  a  few  remarks  thereupon  ;  this  seems 
necessary  in  order  to  complete  my  slictch  of  the  Geology  of 
Brazil.  In  tlie  Bulletin  de  la  SociSU  G-Sologique  de  France 
(2™*  S^rie,  T.  25,  p.  685)  is  a  short  article  on  the  Geology 
of  tlie  Amazonian  vaUey,  by  Professor  Agassiz  aud  Dr.  Cou- 
tinho,  presented  by  Professor  Jules  Marcou,  which  gives 
Professor  Agassiz's  views  with  great  conciseness  and  clear- 
ness ;  and  as  it  is  not  accessible  to  general  readers,  I  have 
reproduced  the  most  important  part  of  it  here,  together 
with  the  section  accompanying  it. 

Professor  Marcou  says :  — 

"  Mr.  Agassiz  thinks  that  the  whole  valley  of  tlie  Amasonns  was 
furmed  at  the  end  of  the  cretaceous  period,  whicli  has  left  traces 
of  deposits  in  the  province  of  Ceai-£  and  on  the  Upper  Purus.    Here 

vencidas,  tndo  qiianto  vrsou  em.  giinzi  nove  horas,  enclie  em  menos  d'hum 
quarto ;  flcando  a  mar^  cammlinndo  para  cima  tres  horas  complotas  com  uma 
rapidez  semclhante  a.  ceilba  d'hnm  moinho.  Esle  feiiomeno  occupa  o  cspaco  de 
cinco  legufts  com  grande  rofdo.  Ha  sitLos,  denominados  ff-p^rui.  onde  as  canoaa 
esperSo  a  deciiHo  do  comliiitc,  o  continuSo  a  viagcin  scm  pciigo."  —  Cor,  Brax., 
Tom.  n.  p.  260, 
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and  there,  whether  by  denudations  or  by  anterior  dislocationB, 
one  seos  more  ancient  roclta.  Thus  Major  Coiitinho  has  found 
paleeozoio  brachiopods  in  a  rock  which  forms  the  first  cascade  of  the 
Tapajoa  j  carboniferous  fossils  Lave  been  collected  on  the  banks  of 
the  rivers  Guapore  and  Mamor4,  in  Matto  Grosso ;  and  finally,  at 
Manfioa,  Coutinho  has  recognized  slates  or  phyUades  in  a  very  in- 
clined position,  and  beneath  the  formations  of  red  sandstone  of  the 
Amazonian  valley." 

Professor  Agassiz  supposed  that  during  the  tertiary  the 
Amazonian  region  was  above  water,  and  that  the  sandstones 
and  clays  that  now  fill  it  are  drift. 

The  following  is  a  copy  of  the  ideal  section  of  these  later 
deposits  by  Professor  Agassiz,  forming  a  risumi  of  the  ob- 
servations of  M.  Coutinho  and  himself :  — 

"  I.  Coarse  sands  (Sahh  grassier)  formii^  the  base  of  the  drift 
throi^hout  where  the  level  of  the  water  has  uncovered  the  lower 
beds  of  plastic  clays. 

"  II.  The  streaked  plastic  clay  (Arffile  plastiqm  ligarree)  shows 
itself  on  a  large  scale  along  the  seanxtast  at  Pai^,  at  the  Island  of 
Marajfi,  Maranhao,  and  here  and  there  in  the  hollows  along  the 
course  of  the  Aniazonas. 

"  III.  Foliated  clay  in  very  thin  beds,  with  frequent  indications 
of  cleavage.  This  deposit  appears  to  be  more  considerable  in  the 
banks  aloi^  the  course  of  the  Rio  Solimoes  than  in  the  lower  part 
of  the  Amazonas.  It  is  in  these  beds  at  Tonantins,  on  the  Rio 
Solimoes,  that  M.  Agassiz  has  found  leaves  of  dicotyledonous 
plants,  which  appear  to  be  identical  witli  species  at  present  living 
in  the  valley  of  the  Amaaona.* 

•  These  leares  occur  in  a  fine,  soft  gray  elay,  i-eaembling  very  closely  the 
recent  alluvial  clays  of  the  Brazilian  rivers.  They  are  excallenllj'  preserved. 
The  leaf  is  partly  oarfaoniaed,  but  it  cnrls  up  from  tha  aurfiiee  on  drjing,  and 
may  be  detached,  leaving  n  bcavififiii  improssioa  of  tlioycnation,  &e. 
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"  IV.   A  ci-iist  of  sandy  clay,  very  linrtl,  moulded  in  tlie  inequali- 
ties of  the  foliated  clay. 

"  v.,  VI.,  VII.,  VIII.,  and  IX.   Sandstone 
formatimi,  sometimes  i-egiilarly  stratified  .ind 
compact,  especially  in  the  lower  beds  (V.), 
such  as  one   sees   on   the  borders  of  the 
igarapes  of  MaiiSos ,   sometimes  cavernous    £ 
and  intermixed  ivith  irregular  maeses  of  clay    ^ 
{VI.),  especially  weU  developed  at  Villa  Bella    ^ 
and  at  Maniios  ;  at  others  all  the  characters 
of  a  torrential  stratification  (VIL,  VIII.,  and 
IX.).     The  deposits  of  this  last  nature  are 
only  seen  in  the  elevated  hiUs  of  Almeirim, 
Erere,  and  Cupatf,  aud  in  the  most  elevated 
cliffs  of  the  borders  of  the  river,  as  at  Tonaa- 
tins,  Tabatinga,  Sao  Paulo,  and  on  tlie  bor- 
ders of  the  Rio  Negro. 

"  X.  The  at^io-arenaccouR,  unstratificd 
drift,  occupying  all  tbe  inequalities  of  the 
soil  resulting  from  the  denudation  of  the 
saiidst.one  with  torrential  stratification.  It 
is  in  this  drift  that  MM.  Agassiz  and  Con- 
tinho  have  found  true  erratic  blocts  of  dio- 
rite,  of  a  metre  in  diameter,  at  Erevg.  This 
formation  is  never  met  with  on  the  cliffs 
elevated  several  hundreds  of  feet  in  height. 
There  is  not  a  tra«e  of  it  on  the  summit  of 
the  hills  of  Erer6. 

"  The  fa«t  that  the  coarse  sand,  No.  I.,  ap- 
peal^ throughout  at  the  level  of  low  water, 
that  it  follows  the  general  slope  of  the  val- 
ley, shows  incontestably  that  the  deposition 
of  this  formation  does  not  reach  back  to  an 
epoch  anterior  to  the  excavation  of  the  val- 
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ley  itself.  The  total  thickness  of  the  Amazonian  drift  does  not 
exceed  three  hundred  metres ;  it  covers  the  whole  basin  of  the 
Amazocas,  from  the  Andes  of  Peru  and  Bolivia  to  Cape  SSo  Hoque  ; 
or,  iu  other  words,  it  is  the  most  colossal  drift  formation  Itaown." 
Professor  Agassiz  believes  that  the  beds  I.,  II.,  III.,  lY., 
or  the  coarse  sands  and  clays,  were  deposited  in  a  lake  or 
sheet  of  fresh  water  occupying  the  valley  of  the  Amazonas, 
and  sustaining  on  its  surface  a  glacier,  descending  eastward 
from  the  Andes,  and  furnished  with  a  gigantic  moraine  in 
front  stretching  across  the  month  of  the  valley  and  convert- 
ing it  into  an  inland  fresli-water  lake.  After  tlie  ice  had 
broken  up  and  become  more  or  less  disintegrated,  and  the 
waters  of  the  lalie  had  swollen,  the  sandstone  formation  V,, 
VI,,  VII.,  VIII.,  IX.  was  laid  down,  then  the  barrier  was 
burst;  tlie  waters  of  the  lake,  suddenly  released,  furrowed 
and  wore  down  the  sandstone  beds,  sweeping  tliem  entirely 
away  over  an  immense  area,  leaving  only  isolated  hills,  like 
those  of  Brer^,  Obydos,  Cupati,  Almeyrim,  &c.,  standing  as 
remnants  of  the  once  universal  sandstone  sheet.  After  this 
period  of  turbulence  and  denudation  came  on  an  epoch 
of  quiet,  and  in  the  bottom  of  the  diminished  lake  the 
clays.  No,  X.,  were  deposited,  while  ice-rafts  floating  on 
its  surface  dropped  here  and  there  boulders,  to  be  buried 
in  the  accumulating  material.  Then  the  moraine  was  de- 
stroyed ;  the  drainage  of  the  waters  furrowed  deeply  these 
clays,  and  even  cut  through  them  into  the  sandstone  below, 
in  which  the  various  channels  of  the  system  of  the  Ama- 
zonas are  excavated.  Professor  Agassiz  believes  tliat  the 
great  barrier  stretched  across  the  Amazonian  valley  far  east- 
ward of  its  present  extremity,  and  he  has  called  attention 
to  the  similarity  between  tlie  formations  found  spread  over 
the  coast  of  Maranhao  and  Piauhy  and  the  Amazonian  for- 
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mations  here  described,  showing  conclusively  that  these  de- 
posits were  once  continuous.  It  is  his  belief  tliat  the  Ama- 
zonian formation  formerly  extended  a  huudroci  leagues  out 
to  sea  beyond  flte  present  mouth  of  the  Amazonas.  There 
can  be  no  doubt  that  there  is  a  rapid  waste  of  land  going  on 
along  the  sea-shores  of  the  mouth  of  the  Amazonas  and  of 
the  coast  eastward  for  a  long  distance, —  a  waste  amounting 
to  even  so  mnch  as  two  hundred  yards  in  ten  years  in  the  bay 
of  Braganza,  or  a  mile  in  twenty,  as  on  the  coast  near  Yigia, 
where  an  island  a  mile  wide  disappeared  in  that  time.* 

I  have  tlirce  times  visited  Pard,  and  have  had  an  opportu- 
nity of  seeing  something  of  the  Amazonian  formation.  The 
rocli  underlying  the  town,  and  exposed  at  ordinaiy  low- 
water  level  at  the  base  of  the  bluff  under  the  fort,  is  a 
coarse  dark-red  sandstone  witli  an  abundant  cement  of 
iron  oxide,  and  precisely  like  the  red  sandstone  I  have  so 
often  described  as  occupying  a  similar  level  and  under- 
lying the  tertiary  clays  of  the  coast  of  Rio,  Espirito  Santo, 
&e.  Over  this  sandstone  is  a  considerable  bed  of  red,  white, 
and  particolored  felspathic  clays,  with  a  greater  or  less 
admixture  of  sand,  which  clays  present  exactly  the  same 
appearance  and  level  as  the  tertiary  clays  of  the  provinces 
jnst  referred  to. 

Before  I  knew  anything  of  the  conclusions  of  Professor 
Agassia  as  to  the  age  of  the  Amazonian  deposits,  I  had  aat^ 
isfied  myself  that  the  clays  and  sandstones  extending  along 
the  whole  eastern  coast  of  Brazil,  from  the  Bay  of  Bio  to 

*  Since  tlie  tertiary,  at  least,  and  I  belisve  for  Ihe  greater  part  since  the  drift, 
the  whole  eastain  Brazilian  cosat  hag  suflered  denudation  t)y  the  sea  to  an 
imnienae  nmonnt,  and  a  very  wide  strip  of  Kctiftry  Tocks  has  been  removed. 
I  believe  that  these  deposits  once  extended  beyond  the  Abralhos,  niid  that  south 
of  Cape  Roque  thii  sea  has  cut  them  away  for  a  mcau  wiiUh  of  lifty  miles  or 
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tlie  Amazonas,  wore  older  than  the  drift  clays  wliich  over- 
spread them ;  and  as  they  are  stratified  deposits  on  an  open 
coast,  there  can  be  no  doubt  of  their  marine  origin.  At  first, 
misled  by  what  I  had  read  of  the  geology  of  Brazil,  as  well 
as  by  the  strong  resemblance  the  sandstones  bore  to  the 
new  red  sandstones  of  the  Basin  of  Muiaa  in  Nova  Scotia, 
with  which  I  have  been  familiar  since  my  boyhood,  I  was 
disposed  to  regard  the  Brazilian  formation  in  question  as 
triassic ;  but  I  soon  found  that  it  was  underlaid  unconform- 
ably  by  cretaceous  rocks  in  Bahia,  and  I  came  to  the  only 
conclusion  possible,  —  tliat  it  was  older  than  the  drift  and 
newer  tlian  tlie  cretaceous.  I  can  see  no  reason,  therefore, 
for  considering  the  coast  beds  as  anything  but  tei-tiary, 
tliough  they  may  be,  and  probably  are,  very  late  tertiary. 
I  liave  attempted  no  comparison  between  these  beds  and  the 
tertiary  beds  of  tho  pampas,  because,  in  the  absence  of 
fossils,  and  having  never  seen  the  pampian  tertiaries  and 
post-tertiaries,  I  have  nothuig  to  aid  me  in  instituting  such 
a  comparison.  It  has  seemed  to  me  that  the  fact  of  tlie 
occurrence  on  an  open  sea^oast  of  clays  and  sandstones 
precisely  similar-  to  Uiose  occupymg  the  lower  plains  of  the 
Amazonas,  as  at  Pard,  and  in  fact  tying  in  witli  them,  re- 
lieves one  of  the  necessity  of  lookuig  to  a  fresh-water  origin 
for  the  Amazonian  beds. 

Tliere  cannot  be  the  slightest  doubt  that  the  beds  forming 
the  mountains  of  Erer^,  Aimeyrim,  once  covered  the  whole 
valley,  and  have  been  enormously  denuded.  I  should  never 
have  doubted  whether  the  red  sandstones  at  Par^  really 
belonged  to  the  series  of  beds  foi-ming  the  Monte  Alegre- 
&:ev6  hills,  if  I  had  not  found  along  the  coast  of  Espirito 
Santo  the  same  sandstones  with  precisely  similar  overlying 
clays,  with  no  table-topped  hills  piercing  them  as  at  ErcriS. 
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Only  once  have  I  seen  what  I  thought  to  be  a  tahle-topped 
hill  ataudiiig  on  the  coast  tertiary  plain.  That  was  on  tlie 
coast  south  of  Rio  de  Contas,  the  ohaervation  was  a  doubt- 
ful one,  and  I  have  felt  more  like  instituting  a  compari- 
son between  tlie  ehapadas  on  the  Amazonaa  and  tliose  of 
Ybiapaba  and  Minas  Novas ;  or,  in  other  words,  I  am  dis- 
Ijosed  to  regard  the  ehapadas  of  Erer^  as  the  outliers  of  the 
great  tertiaiy  sheet  that  once  covered  tlie  great  Brazilian 
plateau,  and  now  lies  unbroken  over  such  an  immense 
extent  in  the  province  of  Matto  Grosso.  According  to  the 
obsei-vations  of  Dr.  E.  P.  Stevens  and  others,  the  plateau 
of  Guyana  is  covered  by  an  estension  of  the  same  great 
sheet,  while  the  vaUey  of  the  Orinoco  is  occupied  witli 
clays  precisely  similar  to  those  of  tlie  valley  of  the  Ama- 
zonaa.* 

It  is  with  much  hesitation  that  I  express  an  opinion  at 
variance  with  so  distinguished  an  authority  as  Professor 
Agassiz;  hut  tlie  facts  have  seemed  to  need  a  different 
interpretation  fi'om  that  which  lie  has  given  them.  My 
conclusions,  after  all,  do  not  affect  his  theory  of  the  former 
existence  of  glaciers  under  the  tropics,  down  to  the  present 
level  of  the  sea,  —  a  tlieory  which  I  hold  as  firmly  as  he.f 


>[■  Orton  found  west  of  Tabatinga  tertiary  shells  in  beds  which  he 
considora  to  be  a  pnrt  of  the  Amaaoniaa  fbrmtttion.  These  fi>ssils  ivere  de- 
scribed by  Professor  Gabb  in  the  Journal  of  Coaeliologi).  The  species  are  Nnriiina 
papa,  Ttaioael/a  mimiscula,  Mensalia  Otioni,  Tdtina  Amaionensis,  Pac/ifidon  oh- 
liqiia,  anci  P.  tenua.  It  is  much  to  be  regcetted  that  Professor  Orton  has  not 
giYen  a  description  of  the  locality  where  these  fossils  ai'e  found,  and  of  their 
mode  of  oecnrrence. 

f  I  have  confined  myself  in  this  chapter  to  a  short  discussion  of  the  question 
of  the  age  of  the  Amazonian  sandstones,  and  I  have  attempted  to  giye  no  de- 
scription of  the  great  river  and  its  wonders.  I  would  i-eter  elia  reader  denirona 
of  knowing  more  cf  the  Amaeonas  to  the  "  Journey  in  Brazil." 

It  is  indeed  surprising  that  after  several  hundred  volumes,  classic  in  science, 
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Professor  Agassiz  has  called  attention  to  the  foasila  from 
cretaceoua  beds  discovered  by  Mr.  Chandlesa  on  tlie  river 
Aqttiry,  one  of  the  affluents  of  the  Pui'us.  These  beds  con- 
sist of  hardened  clay  and  "pseudo-conglomerate,"*  —  t!ie 
latter  being  a  sort  of  clay  rock  full  of  concretions,  -which 
give  to  the  formation  tlie  appearance  of  a  conglomerate. 
Associated  -with  it  is  a  sandstone.  The  fossils  are  said  by 
Mr.  Chaiidless  to  be  very  abundant,  aiid,  according,  I  believe, 
to  the  determination  of  Professor  Agassiz,  they  consist  of 
the  bones  of  Mosasauri  f  and  tui'tles,  togetlier  witli  fossil 
wood.  These  remains  appear  to  be  principally  confined  to 
the  clays  and  "  pseudo-conglomerate." 

Professor  Agassiz  regards  these  fossils  as  indicating  a 
horizon  like  that  of  tlie  Maestricht  beds  in  Em-ope  (^Mae- 
strickiien,  —  upper  chalk).    Judging  from  the  description  of 

have  Iwen  written  on  Brazil,  and  some  scores  of  works  liave  been  published  on 
the  Amnaonas,  hy  such  writers  as  De  la  Condamine,  Hnmbolilt,  Spix  and  Mav- 
tius,  Prince  Adelbert,  Bales,  Wallace,  AgaSEiz,  and  a  hoet  of  others  of  greater 
or  less  note,  the  idea  should  be  so  generally  prevalent  that  the  conotry  is  unex- 
plorecl,  a  perfect  tena  incognita,  and  that  every  year  or  two  some  traveller  never 
before  heard  of  should  astonish  himself,  if  not  the  world,  by  rediscOTcring  the 
river.  Pei'haps  afKr  spending  a  month  on  its  waters,  the  greater  part  of  which 
is  consumed  on  board  his  canoe  or  the  stesimer,  he  writes  a  book,  or  at  least  a 
magaaine  article  or  two  1  Few  countries  have  sniFered  more  in  America  at  the 
hands  of  superficial  travellers  and  writers  than  Bvaail.  I  would  especially 
recommend  to  the  attention  of  my  readers  the  excellent  little  book  by  Mr- 
Bates,  "  The  naturalist  on  the  Amozonas."  Its  author  is  a  good  naturalist, 
and  his  eleven  years  of  residence  in  the  country  have  enabled  him  to  write  mth 
great  accuracy. 
*  Chandless's  papers  on  the  Rio  Aqniry.  (Jour.  Boy.  Geog,  Soo.) 
t  Proifessor  0.  C.  Marsh,  in  one  of  his  papers  read  before  the  Salem  meeting 
of  Ihe  American  Association,  called  attention  lo  the  rarity  of  the  Mosasanroid 
forms  in  the  Eui-opeau.  cretsceaiiE  and  tliejr  great  abundance  in  the  cretaceous 
of  North  America.  It  is  interesting  to  observe  (he  occurrence  of  this  same 
lypo  in  South  America. 
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Mr.  Tliebcrge,  the  Aquiry  beds  must  resemble  those  of  Ccai'd, 
in  which  the  fossil  fishes  occur. 

On  the  Funis  Mr.  Chandless  *  found  the  same  beds  at 
about  lat.  7°  15'  S.,  long.  66°  W.,  witli  boaes  and  au  abun- 
dance of  fossil  wood. 

*  Ascent  of  Pm'ijs,  Jour.  Boy.  Geog.  Soo.,  Vol.  XSXVI. 
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CHAPTER    XVI. 

PliOVINOES    OF    GOYAZ    AND    MATTO    GKOSSO. 

The  Geographical  Position  of  the  Province  of  Goyaz.  —  The  Chapatla  fla 
MaugaljeirB.  —  Geology  of  the  Vicinity  of  Natividade.  —  Go)d-Waahings  of 
the  Serra  da  NativiclaUe,  the  Atnual  da  Chapada,  end  ihe  Arraial  da  Con- 
ceifao.  —  Strnctnre  of  the  Seira  at  the  Town  of  Arrayas.  —  Tl  S  rra 
Geral.  —  Subterranean  Stfeams,  —  Westei'n  and  Sonthem  Goya  cumposed 
of  Metamorphio  Rooks.  —  Diswihntion  of  GneisBOse  and  Grani  B  Its  in 
Western  Brazil.  —  The  Montea  Pyrenees  and  their  Height,  —  Th  V  o 
Araguaya  and  its  Navigation. — Dr.  Couto  de  MagalhSea.  —  Eh  d  Ba 
tinnal. — Hole  on  Pii'aohas.  — Gold,  Diamonds,  Iron,  and  Chrgn  O  — 
Climate,  Forests,  Population,  &c.  —  The  Western  Part  of  the  PI  f 

Brazil  composed  of  undisturbed  Beds  of  Sandstone,  &o,  —  The  A 
Paraguay  Water-shed  a  Plam  without  Serras. 

The  materials  for  writing  a  sketch  of  the  Geology  of  the 
Province  of  Goyaz  are  very  meagre,  since  it  lias  never  been 
explored  by  any  competent  modern  geologist.  St.  Hilaire, 
Pohl,*  Burchell,  and  several  other  naturalists  visited  the 
province  in  the  early  part  of  the  century.  Gardner  made 
a  journey  through  the  eastern  part  in  tiie  year  1840,  mak- 
ing a  few  geological  observations ;  but  Castelnau,  in  1844, 
travelled  very  extensively  tlirongh  the  length  and  breadth 
of  tlie  province,  furnishing  us  with  connected  and  valuable 
geological  sections,  though  these  sections  and  the  accom- 
panying text  rarely  ever  do  more  than  indicate  the  litlio- 

*  Pohl's  [G,  E.)  Beiee  im  Jiment  von  SrasUkn  in  den  Jahren  ISIT-ISSI, 
SBde.,  mit  Atlas  (Wein,  1831-37),  and  bis  BAdge  zut  Gebirgskmde  Brazil- 
ims  (Miincheo,  1832)  I  have  never  seen. 


d  by  Google 


PROVINCES   OF   GOYAZ  ASD   MATTO   GBOHSO.  497 

logical  character  of  t]ie  formations.  The  stratigraphy  is 
v^uely  given,  and  no  attempt  is  made  to  show  the  age  of 
the  different  deposits. 

Goyaz  lies  west  of  tlic  provinces  of  Piauhy,  Baliia,  and 
Minas  Geraes,  and  is  very  long  from  north  to  south,  and 
narrow  from  east  to  west.  It  comprises  the  hasin  of  the 
Tooantins  above  its  junction  witli  the  Araguaya,  the  part  of 
the  basin  of  the  Araguaya  east  of  that  river,  and  the  right 
side  of  the  hasin  of  the  Paranaliyba,  from  tlie  Rio  Jacar^ 
to  tlie  Eio  Apur4. 

The  Chapada  da  Mangaheira  is,  as  already  remarked,  the 
southward  continuation  of  tlie  table-land  separating  the 
province  of  Piauhy  from  the  valley  of  the  Sao  Francisco. 
It  is  in  some  places  quite  forty  miles  in  width.  Its  top 
forms  a  plain,  and  it  consists  of  horizontal  beds  of  sand- 
stone lying  on  metamorphic  rocks.  Between  the  chapada 
and  Natividade  the  country  is  composed  of  these  latter 
strata,  while  the  serra  at  Natividade  has,  according  to  Gard- 
ner, tlie  centre  of  granite,  overlaid  by  schistose  rooks.  The 
western  side  of  the  serra  is  bounded  by  beds  of  a  very  com- 
pact grayish-colored  limestone,  wMch  extends  nortliwards  for 
several  leagues,  foi-ming  a  range  of  low  hills.  The  sm-face 
deposits  on  tliis  serra,  which  are  largely  composed  of  a  fer- 
ruginous gravel,  doubtless  like  the  drift  cascalho  of  Minas 
Novas,  contain  gold,  anciently  mined  to  some  extent.  Gard- 
ner says  that  the  view  east  and  north  from  the  seiTa  is 
bounded  by  several  low  ridges,  but  that  to  the  west  and 
soutti  the  country  appeared  to  be  one  vast  plain.  The 
same  traveller  tells  us  that  the  whole  comitry  about  the 
Axi-aial  da  Chapada,  a  few  leagues  west,  has  been  turned 
over  ill  search  of  gold.  The  Arraial  stands  on  a  low  cha- 
pada, but  Gardner  docs  not  describe  its  stnictnre.     Gold 
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also  occurs  in  tlie  vicinity  of  the  Arraial  da  Coiiceicao. 
Gardner's  account  of  the  structure  of  the  serra  on  which 
the  town  of  Arrayas  stands  is  interesting.  Tlio  rocks  are 
all  metanioi'pliic  and  almost  vertical,  tlie  inclination  tend- 
ing toward  the  east.  Gardner  says  :  "  The  most  westerly 
of  tliese  rocks  have  an  arenaceous,  schistose  structure,  and 
these  overlie  a  very  compact,  gTayisli-colorod,  stratified  rock 
very  much  resembling  gneiss,  in  which  are  imbedded  in- 
numerable romided  pebbles  of  granite  and  quartz,  of  all 
sizes,  from  one  to  three  or  four  inches,  and  which  is  probably 
equivalent  to  the  graywacke  rocks  of  the  Old  "World."  Lime- 
stones, whicli  occur  both  to  the  north  and  soutli,  were  not 
observed  here.  Whether  the  limestones  mentioned  belong 
in  the  same  series  witli  the  slates  does  not  appear  from 
Gardner's  statement.  The  Serra  Geral,  eastward  of  Arrayas 
is  described  as  being  of  no  great  elevation,  aivd  present- 
ing a  level  top  as  far  as  the  eye  can  reach,  being  evidently 
the  continuation  of  the  Chapada  da  Mangabeira,  and,  like 
it,  composed  of  horizontal  sandstone  beds.*  In  speaking 
of  the  road  from  Bonita  to  Arraial  de  SSo  Domingos,  we 
are  told  that  "  the  top  of  the  serra  still  continued  to  be 
level,  with  a  precipitous  face,  the  rock  being  of  a  reddish 
yellow,"  and  that  "  shortly  after  leaving  Bonita  an  elevated 
pyramidal  peak  of  the  same  elevation  as  the  serra  is 
descried  to  the  southeast,  presenting  a  remarkable  resem- 
blance to  some  enormous  work  of  art,"  so  that  there  can 
be  no  doubt  about  tlie  general  structure  of  the  serra. 

Castelnau  represents  on  his  map  a  little  stream  just  north 
of  Sao  Domingos  as  flowing  in  a  subterranean  channel.t 
Gaj'dner  describes  a  river  near  tlie  Fazenda  de  SS-O  JoSo, 


J  by  Mr.  Thomas  Ward,  who  lias  travelled  c 
t  Castelnau,  V""  Psrtie,  Gftsjrnphl',  Atlas,  Planche  4. 
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that  disappears  in  an  opening  in  limestone  strata,  and 
runs  underground  for  several  miles,  when  it  reappears.* 

On  hia  journey  to  Sao  Romao  Gardner  followed  the  SeiTa 
Geral  from  near  Sao  Domingos  to  the  head-watera  of  the 
Urucuia,  and  lie  describes  it  as  one  great  elevated  plain  or 
chapadSo.  Of  the  geological  structure  of  tlie  southern  part 
he  gives  hut  few  hints,  but  as  he  occasionally  mentions  Hie 
occurrence  of  limestone  it  is  very  probable  that  it  may  he,  in 
part  at  least,  composed  of  strata  of  that  rock,  the  continuar 
tion  of  tlio  horizontal  limestone  deposits  of  the  Rio  das 
Velhas.  Most  maps  represent  a  narrow  mountain-chain 
separating  the  basins  of  the  SSo  Francisco  and  tlie  Tocan- 
tinSj  and  Gerber,  in  his  map  of  Minas  Geraes,  though  he 
represents  correctly  the  Chapadoes  de  Santa  Maria  and 
do  tXrucuia,  with  their  great  level  tops,  draws  along  tlie 
water-shed  a  mountain-chain  on  top  of  tlie  chapada,  call- 
ing it  the  Serra  das  Araras  and  the  Seri'a  do  Paraiian. 
Along  this  whole  region  we  have  no  evidence  tliat  I 
have  seen  of  the  existence  of  any  extensive  elevations 
breaking  through  the  great  table-land.  Castelnau's  map  of 
the  southern  part  of  the  province  shows  the  chapada  as 
extending  soutliward  nearly  to  OatalSo.  Gerber  represents 
a  chapada  on  the  opposite  or  south  side  of  the  valley  of 
the  Urucuia.  When  we  come,  however,  to  the  soutliem  part 
of  the  province,  we  iind,  just  over  the  limits,  in  tlie  Prov- 
ince of  Minas  Geraes,  the  immense  Chapada  da  Tabatiiiga 
lying  between  the  Itios  Grande  and  Paranahyba,  and  com- 
posed of  horizontal  beds  of  sandstones,  &c. 

According  to  Castelnau,  Saint  Hilaire,  and  others,  the 

*  There  are  other  examples  of  subterranean  streams  in  Brazil.  Gerber 
represents  the  Rio  Pardo,  an  afBtient  of  the  SSy  I'vancisco  on  iho  left  side, 
as  flowing  under  a  ridge. 
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foundation  rock  of  western  and  southern  Goyaz  is  evory- 
wliere  gneiss,  mica^schists,  clay-elates,  and  limestones,  evi- 
dently belonging  to  the  same  metamorpliic  series  we  find 
in  the  eastern  part  of  Uie  Brazilian  plateau.  These  rocks 
are  much  folded,  rising  in  mountains  compai'iiig  in  elevar 
tion  with  those  of  Minas  Geraes.  The  ridge  dividing  tlie 
basin  of  the  Tocantins  from  that  of  the  Paranahyba  branch 
of  the  Parand  is  of  the  same  character.  Clay  slates  and 
other  metamorpliic  rocks  are  seen  at  Cuiab^  and  Diainan- 
tino  ill  Matto  Grosso,  and  Chandlesa  *  speaks  of  gi-anite 
seen  in  the  bed  of  the  river  Tapajos,  ten  miles  above  tlie 
Itio  de  Peixes,  just  below  the  Rio  das  Tropas,  at  the  shal- 
low of  Mangabal  Grande,  and  at  various  points  below  on 
the  same  river.  All  these  observations  go  to  show  that  the 
great  Brazilian  plateau,  like  that  of  Guyana,  was  originally 
■wholly  composed  of  gtieissose  and  achistose  metamorphic 
rocks,  much  disturbed  throughout.  It  has  been  supposed  by 
some  that,  going  westward  from  the  Serra  do  Espinliago,  the 
signs  of  metamorphism  disappeared,  and  that  rocks  which 
in  eastern  Minas  Geraes  might  have  been  highly  metamor- 
phosed spread  out  flatly  westward,  as  in  the  eastern  pait 
of  tlie  United  States  the  palaeozoic  rocks  which  were  folded 
along  tlie  Alleghanian  region  spread  horizontally  over  the 
west.  This  is  not  the  case,  so  fer  as  I  can  learn,  in  Brazil. 
Tlie  metamorphic  pari,  of  the  Brazilian  plateau,  so  liigh  on 
the  east,  in  Minas  slopes  off  to  the  north-nortliwest,  and 
soutliwestward  from  the  vicinity  of  Ouro  Preto,  and  dips 
under  the  great  sheet  of  tei'tiary  rocks,  showing  itself  only 
where  tliese  are  denuded,  or  where  an  occasional  and  rare 
prominence  pierces  these  sti'ata,  but  a  ridge  of  these  rocks 
stretches  ofl"  in  a  series  of  high  lands  from  Ouro  Preto  and 
Barbacena  into  Goyaz. 

*  Jounifil  Royal  Geograpbicnl  Society,  Vol.  XXXII. 
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Mr.  Thomas  Wai'd,  m  a  note  addressed  to  the  author,  veiy 
aptly  describes  fJie  Province  of  Goyaz  as  a  raetaraorphic 
island  in  a  sea  of  sandstone,  and  such  seems  indeed  to  he 
the  case.  The  sandstones  have  been  swept  away  from  the 
greater  part  of  the  AragHaya-Tocantius  basin,  leaving  the 
irregular  surface  of  the  metamorpliic  rocks  exposed.  The 
highest  points  in  Goyaz  are  the  Montes  Pyreneos,  near  tlie 
city  of  Goyaz,  which  are  said  to  he  over  9,500  feet.* 

The  highlands  in  Southern  Central  Goyaz,  coUectiTely 
known  as  part  of  tlie  Serra  dos  Vertentes  of  Baron  von 
Eschwege,  form  the  water-shed  between  tlie  Toeantins- 
Araguaya  basin  on  the  north  and  tlie  Paran'i  baain  on  the 
soutli.  The  Araguaya  and  Tocantins  aboi  e  tlieii  junction 
are  both  lai-ge  rivers,  but  tlie  Araguaya  is  veiy  mnL.h  longei , 
and  should  rank  as  the  main  river.  It  flows  for  the 
greater  part  of  its  length  at  a  much  lower  level  than  tlie 
Tocantins,  and  it  offers  much  greater  facilities  for  navigation. 
The  Araguaya  has  been  several  times  explored.  Oastelnau  f 
in  1844  descended  the  river  from  the  moutli  of  the  Crixas  to 
its  union  witli  tlie  Tocantuis,  and  then  ascended  the  Tocan- 
tins, making  plans  of  both  rivers.  He  found  the  Araguaya 
navigable  and  wiUi  but  few  obstructions.  In  1856  the 
President  of  the  Province  sent  Sr.  Valine  to  explore  the 
same  river,  and  he  reported  that  it  might  easily  be  made 
navigable.  J 

»  Ifindin  the  Baliiti/n^erassePuWteo  for  the  21st  of  November,  1868,  a  letter 
from  Sr.  H.  R.  dos  Genettes,  deflcribing  an  ascent  of  the  Pyrenees.  This  gen- 
tleman saj3  that  he  asceitiiiniicl  the  hfflght  of  the  most  elevated  point  lo  be  2,932 
metres,  or  abont  9,619  feet,  which  is  much  gi'eater  thnn  had  been  supposed, 

t  Castelnan,  Exp^d.  data  I'Am^r.  da  Sad,  Hist,  du  Vi«/oge,  Tomes  I.  et  II. ; 
also  AiliiB. 

J  E.  J.  C.  Valleii,  Explora^So  do  Bio  Arajuaiia,  Pnblished  in  the  Annexe  P,  10 
one  of  the  GoTornment  Reports,  pnblislipil,  I  think,  in  1865,  My  copy  wants 
the  title-page. 
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Dr.  Oouto  de  MagalliSes,  foiinerly  President  of  Goyaz, 
espoused  the  cause  of  the  Araguaya,  aiid  navigated  it  in  a 
little  steamer  from  Jumpencem,  fourteen  leagues  from  the 
capital  on  the  Rio  Vermelho,  a  bi-anch  of  the  Ai'aguaya,  to 
Par&,  The  president  published  not  long  sijiee  an  excellent 
memoriaj  on  the  advantages  to  be  gained  by  the  navigation 
of  fclie  river,  Mr,  Ward  tells  nie  that  a  steamer  now  makes 
regular  trips  from  Pac^  to  Goyaz.  I  have  told  the  story  of 
Ai'aguaya  to  show  that  Brazil  is  not  wholly  without  the 
spirit  of  enterprise.  She  is  exploring  her  great  rivers  and 
establisliing,  slowly  it  is  true,  steam  navigation  upon  them, 
and  in  a  few  years  tlie  interior  of  Brazil,  so  long  shut  out 
from  the  world,  will  be  .accessible  to  commerce. 

The  lands  bordermg  the  Araguaya  are  in  great  part  flat, 
low,  and  composed  of  sands,  clays,  and  other  very  recent  de- 
posits. An  interesting  feature  in  the  river  is  the  Illia  do 
Bananal,  formed  by  an  arm  leaving  the  main  river  on  the 
east  in  latitude  about  12°  SC  (approx.),  and  entermg  it 
again  in  about  9"  Sff.  Castelnau  detemrined  the  length  of 
the  island  to  be  seventy-five  leagues.  Almeida,  in  his  map 
of  Goyaz,  does  not  represent  it  as  quite  so  long. 

The  Araguaya  is  very  rich  in  fish,*  and  a  species  of 
dolphin  occurs  hi  it. 

Gold  is  found  in  many  localities  in  the  province.     Tlie 

•  Castelnau  says  that  pirBulma  —  hn  ualla  them  pirangas  —  aro  veiy  iiumei'- 
cus  and  Torncions.  According  to  him,  "  lenr  voraoit^  est  telJe,  que  pi'esque 
tons  les  oiseaux  aquatiques  que  nous  procorions  svaient  les  pattes  en  partie 
d^voi^es  par  eux.  ....  Un  de  noa  eompagnons  de  vojage  ponssS  par  I'exc&a  de 
la,  chalour,  se  mit  iraprudemmeut  )i  I'eaa,  et  fnt  prcaque  aasei  tet  attaque  par 
des  l^iona  de  cea  animanx ;  imm&Iiaiement  les  eaux  furent  teint«s  de  aon  sang 
at  il  fut  houi-eax  pom-  lui  qu'il  ae  trousilt  trfea  pres  du  rivBg«,  vers  leqciel  it  se 
pr^cipita  avec  rapiditil,  &happant  ainsi  Siuue  mortcertaiiieet  affi'ensn."  —  Ilisi. 
du  Voyr/ge,  Tome  I.  p,  404, 
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country  in  the  vicinity  of  tlie  capital  is  largely  auriferous. 
Castclnau  speaks  of  the  occurrence  of  the  precious  metal  at 
the  following  localities,  Rio  Vermclho,  Hio  Bagagem,  Serra 
Dourado,  Districto  de  Ouro  Fino,  Morro  do  Calisto,  Districto 
daAnta,  Tliesouras,  Eio  Claro,  Julgado  de  Crixas,  Nativi- 
dade,  Trahiras,  &c. 

Diamonds  have  been  found  on  the  Rio  Claro  ;  iron  occui'S 
at  Ouro  Fino,  Anta,  Aldea  de  Sao  Jose,  and  chrome  at  Ouro 
Fino,  where  it  is  said  to  have  heen  found  by  Pohl, 

The  Province  of  Goyaz  is,  generally  speaking,  dry,  con- 
sisting of  campos  and  catingas.  Forests  have  hut  a  small 
extension.  There  is  a  large  tra«t  covered  by  the  virgin 
forest  between  tlie  capital  and  Meia  Ponte.  The  province 
is  especially  adapted  for  grazing.  The  climate  is  dry,  but 
varies  much,  according  to  latitude.  Tlie  population  is,  ac- 
cording to  Ahneida,  250,000  souls.* 

The  western  part  of  the  high  lands  of  Brazil,  forming  the 
Amaaonaa-Paraguay  watershed,  and  comprised  in  Uie  prov- 
ince of  Matto  Grosso,  is  completely  covered  with  undis- 
tm-bed  tertiary  beds,  and  forms  a  low  swellmg  plateau, 
on  which  tlie  rivers  take  tlieir  source. 

This  is  well  shown  in  the  maps  and  geological  sections 
accompanying  tlie  great  work  of  Count  Oastelnau.  The 
rivers  Xingii,  Tapajos,  and  Paraguay  all  take  their  rise  in 
this  plain  f  within  a  few  miles  of  one  another,  near  Diaman- 

*  Oastelnau  devotes  Cliapter  XVII.  of  the  seoond  TOlame  of  Ms  Hist,  du 
Foyage  to  a  description  of  the  Ptorinoe  of  Goyaz. 

t  C!iandle33  B&ys  that  the  wnter-shed  faefweeii  the  Amaionaa  and  the  Para- 
guay, "  though  commonlv  called  a  serra,  has  nothing  of  amountainous  charac- 
ter. It  ia  simply  a  high  range  of  country,  varying  but  little  in  its  general 
eiavatiou,  though  deeply  grooved  by  the  valleys  of  the  rivers.  Around  tliera 
one  iinds  more  or  less  virgin  wood ;  the  rest  is  campo,  tliat  is,  pastures  sprinkled 
more  or  less  tliicklj  with  stunted  trees,  in  psivts  including  the  qaina  tree.    This 
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tino,  and  tlie  watei'-slied  is  so  low  bhafc  wooden  canoes  ascend 
tlie  Tajjajos  from  Santarem,  cross  over,  and  embark  on  the 
Paraguay,  descending  to  Villa  Maria. 

In  descending  tlie  'I'apajos,  ou  liis  way  from  tlie  Diaman- 
tino  to  the  Amazonas,  Chandless  found  the  river  bordered 
by  sandstones,  which,  as  at  Crepor6,  he  describes  as  soft  in 
character. 

On  the  road  from  Goyaz  to  Cuiabd  one  passes  over  an 
immense  plain  of  sandstone  in  horizontal  beds.  Tlie  valley 
of  the  Pai-aguay  at  Cniahft  and  Diamantino  is  excavated  in 
this  sandstone  sheet  down  to  the  metamorphic  rocks  lying 
beneath.  In  tlie  valley  of  the  Paraguay,  near  Cuiab^  and 
Diamantino,  diamonds  and  gold  occur  in  considerable  abun- 
dance. 

So  little  is  definitely  known  about  the  geology  and  physi- 
cal geography  of  the  Province  of  Matto  Grosso,  that  I  con- 
tent myself  with  tliese  few  general  remarks.  Castelnau  has 
■written  more  tlian  any  one  else  on  tlie  physical  features  of 
the  province,  and  the  i-eader  is  referred  to  his  llUtoire  du 
Voyage  for  Maore  details. 

range  seems  to  consist  mainly  of  sand-rack  and  ckj.  In  general  il  drops 
steeply  and  often  precipitously  to  the  lower  country,  the  plain  below  appearing 
as  H  sea  with  deep  bays  and  inlets." 
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CHAPTER    XVII. 

PEOVINCES    OF   SAO   PAULO,   PABANX,   SANTA   CATHARINA,  AND 
BIO  GRANDE  DO   SUL. 

The  S  ra  Mnc  of  Sao  Paulo  n  Plateau.  —  Its  Clinracter.  — Drainage  in  the 
Pcovinqe  of  SSo  Paulo  and  Paranft  lo  the  Westward.  —  Eastward-tlowmg 
btreams  of  no  Importance.  —  The  Sao  Paulo  Kailioad,  —  Description  of  tlio 
Countiy  along  the  Railway  between  Santos  and  SSo  Paulo  by  Major  0.  C. 
James  — C  eology  of  Vicinity  of  SEfo  Pnulo.  —  Mawe'a  Deseription  of  tlie 
Gol  M  n  of  Jaragua,  and  the  Method  of  extracting  the  Gold.  —  Country 
westward  o  Campinas. — Iron-Mines  at  Ypanema  — Serra  Arassoiava  or 
Gnarafo  ova.  —  Climate,  Products,  &c.,  of  the  Province  of  SSo  Paulo.  — 
Gieneral  Topographical  Penturea  of  the  PiOTJiioe  of  Paramt,  its  Climate, 
Prrd  ctons.&c. — Matte  or  Paraguayan  Tea.  —  Tea-Planling  in  Brazil. — 
E  TO  s  —  Colonies.  — Paianagiia.  —  Coal  Basin  on  the  Rio  Tnher[lo  in  the 
Pro  ce  of  Santa  Catharina.  —  General  DeseripHon  of  the  Phyaiofll  Features 
of  the  Province  nttd  that  of  Eio  Grandedo  Sul.  — History  of  the  Coa!-Mines 
of  Brazil.  — ObservationB  of  Perigot,  Bonleich,  Avd-Lallemant,  Plant,  S«.  — 
Desoripljon  of  the  Coal-Fielda  of  the  Eirar  JaguarSo.  —  Engineer  MeGinty's 
Report  on  the  Candiota  Coal.  —  Coal  Basin  on  Rio  Sao  Sepii.  —  Basin  near 
SSo  Jeronyrao. 

The  so-called  Serra  do  Mar,  seen  in  sailing  along  the  coast 
of  the  ProYincea  of  Sao  Paulo  and  ParanS,,  is  the  edge  of  the 
great  Brazilian  plateau,  which  along  the  coast  of  SSo  Paulo 
has  a  height  of  2,500  -  3,000  feet.*  Towards  the  sea  it  pre- 
sents a  very  steep  dechyitj',  but  on  the  opposite  side  there  is 
no  corresponding  slope.  Climbing  the  serra  at  Santos,  one 
finds  himself  on  an  immense  table-land  of  gneiss,  roughened 
by  a  line  of  considerable  hills  a  few  miles  from  its  edge,  but 

*  Mawe  estimated  the  height  of  tho  plntuau  on  the  Ssintos  and  SSo  Paulo 
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soon  growing  gradually  lower  in  going  westwai'd,  until  at 
Campinas  broad  plains  are  reached,  that  sti'etch  off  with 
more  or  less  interruption  toward  the  Parana,  tyuig  in 
with  the  great  plains  of  Paraguay  and  the  Argentine  Re- 
public. The  luiited  provinces  of  S2o  Faulo  and  Parand 
lie,  like  Ohio  in  North  America,  on  the  western  slope  of 
tlie  border  of  tlie  great  intei-ior  continental  basin  of  Soutli 
America.  As  the  bluff  edge  of  the  plateau  so  nearly  coin- 
cides with  the  coast  line,  the  drainage  in  these  two  prov- 
inces is  principally  westward  into  the  Paraiid,  while  tlie 
rivers  flowing  eastwai'd  are  of  very  little  importance.  Tlie 
provmce  of  Santa  Oatharina,  jnst  soutli  of  Parand,  lies 
partly  on  the  scawui'd  side  of  the  serra  and  partly  behind 
it.  The  streams  flowing  eastward  are  of  no  importance, 
while  those  flowing  westward  form  the  head-waters  of  the 
Uruguay.  South  of  the  province  of  Parand  the  water-shed 
bends  inland  some  two  hundred  and  fifty  miles,  and  then 
runs  southward  thi-ough  the  province  of  Rio  Grande  do 
Sul,  ending  as  the  high  lands  break  down  and  disappear 
on  approaching  the  E,io  de  la  Plata. 

Tlie  city  of  SSo  Paulo,  the  capital  of  the  province  of 
the  same  name,  is  situated  on  the  top  of  the  plateau, 
at  a  distance  of  forty-five  miles  from  the  sea.  Tlio  prin- 
cipal port  of  the  province  is  Santos,  a  considerable  town 
of  some  7,000  inhabitants,  and  noted  for  its  export  of 
coffee,  which  reaches  160,000  sacks  yearly.  From  this 
place  to  SSo  Paulo  runs  a  railway,  which  is  continued  west 
wai'd  beyond  Campinas.  This  railway  was  constructed  by 
American  engmeers,  and  my  friend.  Major  0.  C.  James,* 
was  one  of  the  corps.     On  my  last  voyage,  while  at  Rio,  I 

*  I  wish  I  oonid  fully  expi'eas  my  indebtednosa  to  Bliijoi'  James :  I  owe  him  a 
d  acknowledgmeals  for  his  Idndncaa. 
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obtained  so  many  facts  of  interest  from  him  witli  reference 
to  the  topography  aiid  geology  of  Sao  Paulo,  that,  as  he  was 
about  to  return  to  Sao  Paulo,  I  asked  him  to  make  obser- 
vations on  the  sm-face  deposits  along  tJie  line  of  railway, 
which  he  did,  furnishing  me  witli  a  report,  from  which 
nearly  all  the  facts  relatuig  to  tlis  route  of  the  i-ailway  have 
been  taken.  Major  James  says  that  Santos  is  "  within  a 
league  or  two  of  the  foot  of  tlie  great  back-bone  of  moun- 
tains,—  a  league  or  two  of  soft,  oozy  mud,  a  few  feet  above 
the  sea-level,  t!ie  base  of  a  sort  of  estuary,  of  which  the 
spur  and  main  range  fonn  the  bounds.  This  interlying 
marsh  or  lagoon  is  overgrown  with  very  shabby  palms, 
large  moss-covered  trees,  looking  like  spectres  in  the  land- 
scape, and  with  a  very  heavy,  tangled  undergrowth,  — 
lazy,  sinuous  lines  of  water,  having  their  beginnings  and 
endings  in  tlie  sea,  traverse  it,  as  if  it  were  just  for  a 
stroll  mland  beneath  tlie  umbrageous  foliage  and  back 
again  to  tl^e  ocean  refreshed."  *  Just  before  the  railroad 
reaches  the  base  of  tlie  scrra  the  mud  is  left,  and  a  broad 
band  of  gravel  is  crossed.  This  lies  at  a  higher  level  than 
the  mud,  and  appears  to  slope  away  from  the  serra.  Tlie 
materials  are  very  coarse,  and  there  were  no  sands  seen. 
Major  James  says:  "We  dug  into  it  ten  feet  or  so,  to 
get  gravel  for  ballast.  Tliere  arc  no  shells  in  it.  The 
height  above  sea-level  is  not  great,  —  say  ten  or  twelve 
feet,  not  more  than  twenty."  Tliis  deposit  evidently  corre- 
sponds to  the  raised  beaches  of  Rio  and  northward. 

A  few  small  streams  flow  into  the  estuary,  and  the  rail- 
road follows  one  of  these  until  a  deep  gorge  in  tlie  moun- 
tain is  reached, — a  gorge  formed  by  two  spurs  jutting  out  at 
right  angles  to  the  line  of  the  serra,  placed  like  abutments 

*  It  is  hai-dly  iieoessary  to  add  that  iho  locality  is  very  imbealth}'. 
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to  suppoit  Hie  mountain  Taking  the  &outliPin  slope  of  the 
noitheiii  spui,  the  railway  creepa  up  at  an  angle  of  one  iii 
ten  until  it  reaches  the  summit,  hve  miles  fiom  the  plain, 
having  attained  an  elevation  ot  twenty  six  hundied  feet. 


Beginning  near  the  foot  of  the  sen'a,  an  examination  of 
some  of  the  cuttings  through  the  massive  cormgations  of  the 
hillside  reveals  a  yellow  uiistratified  clay,f  not  very  compact, 
interspersed  with  pebhlea,  stones,  and  rocks,  nearly  all  well 

*  The  (lecompoaed  rock  is  seen  gullied  away  nndemeath  tlie  drift. 

t  Major  James  says  tliat  this  is  generally  the  colorof  the  drift-clay  even  to  its 
whole  depth.  He  compares  the  drift-paate  on  the  S5o  Paulo  Kailroad  on  the 
slope  of  the  eerra  to  tliat  exposed  in  the  deep  cutting  near  Rodeio  on  the 
Dom  Pedro  Segundo  lluilroad.  At  Sao  I'aulo,  however,  it  is  more  rcJ,  as  we 
shall  presently  see. 
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rounded,  overlying  the  rock  in  sitH,  a  decomposed  giieiss. 
Here  aiid  there  in  a  few  cuttings  a  thin  sheet  of  pebbles  may 
be  traced  between  the  yellow  clay  and  the  rock,  losing  itself 
now  and  then.  This  description  will  apply  g-enerally  to  all 
the  cuttings  except  a  few  where  the  excavation  is  made 
through  partially  decomposed  rock. 

Major  James  informs  me  that  the  clay  is  thicker  on  the  top 
of  the  ribs  or  corrugations  of  the  hills  cut  tlirough  by  the 
railroad  than  on  the  sides,  which  is  owing  to  the  denudation 
of  the  slopes.  Tliis  clay  sheet  may  be  fifty  or  more  feet  in 
tliickness.  On  reaching  the  top  of  the  serra  one  finds  him- 
self on  aai  elevated  country,  a  table-land  diversified  by  hill 
and  valley,  the  hills  being  generally  low  and  rounded,  the 
valleys  wide  and  with  a  luxuriant  vegetation  flourishing  on 
marshy  bottoms.  On  the  old  mule-road  near  tlie  edge  of  the 
plateau  tlie  country  is  gently  rolling,  and  for  some  eight  or 
nine  miles  the  soil,  when  not  covered  by  a  spai'se  vegetar 
tion,  is  of  a  gray  color,  and  presents  a  dreary  aspect.  On 
the  surface  is  a  layer  of  white  sand,  only  two  or  three  inches 
in  thickness  generally,  but  when  drifted  of  course  more. 
Under  the  sand  is  an  almost  white  clay,  of  about  tlie  same 
consistence  as  potter's  clay.  Adobe  houses  built  with  it  are 
nearly  white.  Under  this  is  the  drift,  which  is  exposed  in 
the  banks  of  the  Hio  das  Pedras,  tliat  flows  through  this 
tract  and  runs  toward  the  coast.  The  highest  point  in  the 
serra  is  to  the  west  of  this  region. 

Near  Tamonduatahy  the  land  spreads  out  between  the 
hills  level  as  a  lake,  and  about  two  miles  wide,  covered  with 
deep  layers  of  black  soil,  which  Major  James  describes  as 
"  fibrous  and  woody  like  peat."  He  informs  me  that  tlie  rail- 
road was  built  over  the  surface  of  this  bog,  and  he  did  not 
know  what  kind  of  a  soil  underlay  it,  but  he  felt  satisfied 
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that  it  occupied  a  shallow  valley  in  the  drift,  which  he  be- 
lieved extended  underneath.  Beyond  tliis  are  some  cuttings 
through  higher  ground,  in  which  tlie  reddish  drift-paste, 
nearly  one  hundred  feet  in  tliickness,  is  cut  through.  In  this 
clay  are  "  boulders  hke  tliose  of  the  serra,  of  a  very  hard, 
bluish-gray  rock  scattered  through  tlie  loose  material,  and 
in  one  or  two  insta.nces  exposed  on  the  surface," 

The  city  of  Sao  Paulo  lies  at  a  distance  of  forty-five  miles 
from  Santos.  It  is  a  large  and  important  city  of  20,000 
inhabitants  built  on  high  ground,  neai-ly  surrounded  by  a 
low  plain,  tlirough  which  flows,  on  the  west,  the  river 
Tiet^,  one  of  the  affluents  of  the  Parand.  According  to 
Mawe,  the  hill  on  which  SSo  Paulo  is  built  consists  of  the 
following  deposits  in  descending  order.  First  of  all,  a  coat- 
ing of  red  soil  more  or  less  thick,  impregnated  with  iron 
oxide  ;  under  tiiis  is  sand,  together  with  other  materials 
associated  with  pebbles,  the  whole  being  from  three  to  six 
feet  tliick.  Under  this  conies'  a  layer  of  purplish  or  varie- 
gated clay,  with  thin  layers  of  sand  ;  then  follows  a  layer  of 
stratified  raateriala,  the  whole  resting  on  decomposed  gneiss- 
granite.*  At  ltd,  a  short  distance  from  Sao  Paulo,  the  Rio 
Tiet4  is  represented  by  Major  James  as  cutting  through  hori- 
zontal deposits  of  red  sandstone  and  conglomerate,  and  this 
is  the  material  which  is  used  to  pave  the  streets  of  the 
capital ;  as  Fletcher  and  Mawe  have  remarked,  the  rock 
contains  gold.f 

•  M,  Pisais  givee  a  similar  description  of  the  deposit,  and  illnBtcntes  it  by  e. 
section.  He  calls  the  horiionta!  depoaits  of  SSo  Paulo  and  ltd  fresh-waler  ter- 
tiary, and  eays  that  a  eimilar  lacustrine  deposit  occurs  in  tlio  upper  part  of 
the  valley  of  the  Parahyha  So  Snl.     {Mem.  de  rinstitute  cfe  France,  Vol.  X.) 

t  Mawe  iAraerJCBn  edition,  p.  73),  speaking  of  the  streets  of  SSo  Paulo, 
saysi  "  The  material  with  which  they  are  paved  is  lamillaryer'tsfone,  cemented 
with  oxide  of  iron,  and  containing  large  pebbles  of  rounded  qunrtz,  approxi. 
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Westward  of  Sao  Paulo  are  some  higli  hilla ;  tlie  most 
conspicuous  among  which  ia  Jaragu^,  in  whose  yicinity 
gold-mines  were  anciently  worked. 

Mr.  Mawe,  during  his  travels  in  Brazil,  Tisited  tliesc  gold- 
mines, and  described  them  in  his  "  Travels  in  the  Interior 
of  Brazil."  I  am  imahle  to  refer  to  the  English  edition,  but 
I  translate  a  few  paragraphs  from  a  French  abstract,**  since 
it  gives  very  neatly  fclie  mode  of  occurrence  of  the  gold  and 
the  ancient  method  of  extracting  it. 

After  speaking  of  tlie  discoveries  made  by  tlie  Paulistas, 
he  goes  on  to  say  :  — 

"The  gold-Klines  of  Jaraguti,  bi-ing  situated  Rt  a  distance  of 
four  Issues  from  Sao  Paulo,  were  the  first  that  were  discovered. 
This  part  of  the  country  is  iiner|ual  anJ  mountainous.  The  rook 
forming  the  priooipal  base  of  the  soil  rarely  ever  shows  itself.  It 
appears  to  be  a  granite  f  passing  into  gnei^. 

"  This  primitive  rock  is  immediately  covered  over  in  many  points 
by  a  bed  of  a  not  very  solid  a^lomeration,  formed  principally  of 
pebbles  of  quartz  and  gravel.  This  itself  is  covered  only  by  the 
vegetable  earth. 

"  It  is  this  conglomerate  that  is  intermingled  with  grains  of 
gold.     They  ^ve  it  the  name  of  cascaUio.X 

"  The  mining  takes  place  in  open  cuttings,  and  the  extraction 
of  the  gold  is  carried  on  by  washing  ;  negroes  are  employed  in 
this  work 

mating  to  the  coiiglomeratB.  This  pavement  is  an  allnrial  fbrmntion,  contain- 
ing gold,  many  particles  of  which  metal  are  founci  in  the  chinks  and  hollows, 
after  heavy  rains,  and  at  such  seaaons  are  diligently  sought  for  by  Ihe  poorer 
sort  of  people-" 

See  also  Spix  and  Martins,  "  Trarels  in  Brazil,"  English  Translation,  Lon- 
don, p.  21. 

*  Amoks  des  Mines,  1817,  Vol,  II.  p.  202. 

t  In  the  German  edition  Mawe  descvibea  the  gneiss  as  containing  eome 
hornblonde  and  an  abundance  of  mica. 

}  Mawe,  in  the  original  Engh'sh  edition  says,  cwKollmo, 
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When  a  current  t  wittr  in  be  found  nhose  leyel  s  sifti 
ciently  elevated  st  ps  ire  cut  n  the  earth,  each  twentj  t  tbiitj 
feet  long  two  or  tiiiee  wide  and  a  foot  m  height  ■it  th  I  ^-^e 
a  tiench  tw    oi  three  feet  deep  i^  d  i^ 

On  each  step  are  placed  sis  or  eight  ncgites  fth  )^  tho 
watei  Uowlj  descends  fr  m  aboie  stir  up  cintmu  Uy  the  e^ith 
with  ^hoiela  until  it  is  all  conyeited  int  i  liquid  mul  i  I  cai 
ried  lowei  down 

The  pai  tides  of  gold  contained  in  the  soil  desoeud  into  the 
loner  cutting  at  the  bottom  t<.  which  thev  soon  settle  because 
of  the  r  greatei  specific  gTiiitj  The  woikmen  aie  wntmuilly 
emi  1  ye  1  in  removing  the  stones  trom  the  ditch  and  m  cleaning 
thi,  TOrfu,e  an  operation  which  la  facilitated  by  the  current  of 
watet  which  falls  theie.  After  hve  days  of  cashing  they  remove 
the  sediment  from  the  bottom  of  the  cutting.  It  is  of  a  deep 
carbonaceous  tint,  and  eompfraed  of  iron  oside,  pyrites,  ferruginous 
quartz,  and  scales  of  gold. 

"  Thia  sediment  is  transported  to  another  current  of  water,  there 
to  undergo  another  washing  operation.  For  thia  purpose  funnel- 
shaped  wooden  bowls  or  gamellas,  two  feet  lai^e  at  the  mouth  and 
five  or  six  inches  deep,  are  used.  Each  workman,  standing  upright 
ia  the  brook,  takes  about  five  or  six  pounds  of  the  auriferous  sedi- 
ment in  his  gameila.  He  then  causes  a  certain  quantity  of  water 
to  enter,  and  agitates  it  with  dexterity,  in  such  a  way  that  the  scales 
f  Id  00  f  U  t  tl  bottom  and  on  the  s'des  of  tl  e  ess  1, 
un  t       tl  1       t      th         d     p   -at    £,  f    m  tl       th      1  ght 

btce       hhthwtlll  pe  Icn  y 

httl    by  1  ttl        th    t      H    th  th    ga     11  th 

t  1  ze  f  11   f  w  t        Th   g  Id       d  p     ted  th  d  I 

cf  ce         ml       perat  Th      -ul  f        m  11    t  k 

igl  1 1    n        n      t 

Th    g  Id  t  k  t  tl  b         d  tl  t 

tl  1  m  m  11  th  t  th  y  fl     t      h  1       tl 
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"  Ttis  operation,  of  which  the  result  is  of  the  greatest  impor- 
tance, is  watched  by  inspectors.  The  gold-dust  is  carried  to  a 
mint,  where  the  impost  of  the  fifth  is  taken  out  and  the  rest 
melted 

"  The  mines  of  Jaragua  have  been  famous  for  two  centuries  for 
their  great  yield.  This  district  was  regarded  as  the  Peru  of 
Brazil ;  *  but  its  riches  are  to-day  infinitely  less." 

The  occurrence  of  gold  iii  tlie  gneiss  regions  of  tlie  Serra 
do  Mar,  at  SSo  Paulo  and  Caiitagallo  and  in  the  same 
eozoic  belt  on  the  Mucury,  as  reported  by  the  engineer 
Schieber,  is  interesting,  as  Uiese  rocks  are  rarely  ever  rich 
in  tlie  precious  metal,  and  the  whole  gneiss  belt  of  Brazil 
is  remarkably  baiTen  of  metalliferous  deposits  of  all  kinds. 

Gold  is  said  to  occur  in  the  Villa  de  Guarapuava,  to  the 
west  of  the  river  Tibaji  and  elsewhere  in  tlie  province. 

Major  James  reports  tliat  tlie  cuttings  beyond  the  TM6 
show  the  line  of  pebbles  and  stones  overlying  the  rock. 

The  high  hill  called  Cabellos  brancoa  is  bai-e  of  soil  and 
vegetation  on  top,  whence  the  name.f 

At  Jundiahy,  accordhig  to  Major  James,  the  rounded  hills 
are  nearly  bodily  composed  of  the  unstratified  paste,  but 
behind  the  station  the  line  of  pebbles  may  be  distinctly 
traced,  like  a  thin  sheet  or  veil  over  tlie  rock,  A  few 
leagues  farther  on,  near  Campinas,  tlie  country  becomes  less 
rugged, —  one  might  say  it  is  heavily  undulating,  —  and  here 
from  a  slight  eminence  the  gradual  descent  into  the  great 
basin  of  the  interior  is  plainly  perceptible.     The  hills  are 

*  Pompco  says  that  the  gold-mines  of  SSo  Paulo  prodnceil,  up  to  the  begin- 
ning of  the  present  century,  4,650  arrobas  of  gold.     ( Geographia,  p.  480.) 

t  Von  Tschndi,  Vol.  III.  p.  231  :  "  Sio  fiihrC  ihren  Namen  '  Daa  gebirge 
dea  iveissen  Haares,'  weil  der  Karam  walii'end  €ei'  kalten  Jalii'eszcit  in  den 
FrUhetunde  oft  mit  Hoif  bodocltt  ist," 
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now  composed  of  a  very  dai'k-red  feiTuginous  earth  resem- 
bling in  grain  coarse  brown  sugar ;  a  mass  squeezed  hy  the 
hand  retains  the  impress  of  tlie  palm.  Major  James  says 
that  "  travellers  in  dry  weather  get  to  look  like  Indians !  " 
Tliis  eartli  goes  by  the  name  of  terra  roxa*  The  teiTa 
roxa  of  Campinas  Paulo  is,  according  to  Major  James,  the 
continuation  of  Uie  drift-paste  of  tlie  higher  lands  and 
seaward  slope  of  tlie  seiTa.  It  varies  much  m  tliiekness, 
and  lies  usually  on  tlie  tops  of  ridges  between  the  rivers, 
not  descending  into  the  valleys,  which,  as  in  tlie  basin  of 
the  Jeqnituihonlia,  are  very  deep,  steep-sided,  and  narrow. 
This  red  earth  forms  a  most  fertile  soil,  aud  the  country 
covered  by  it  is  clothed  by  an  exceedingly  lusuriant  veg- 
etation. Bamboos  are  very  numerous,  but  there  ai-e  very 
few  cacti.  No  soil  is  better  suited  to  the  coffee-tree,  and 
in  this  part  of  tlie  country  it  is  extensively  cultivated  on 
the  upper  lands,  but  never  on  the  slopes  or  on  the  intervales, 
The  terra  roxa  rarely  ever  contains  pebbles.  It  lies  on 
horizontal  beds,  which,  according  to  my  friend,  consist  of  "  a 
soft  friable  rock,  generally  of  a  lightgi'ay  color,  often  hard 
and  laminated  like  tliat  used  for  flagging  our  sidewalks ; 
sometimes  it  is  a  red  sandstone,  very  soft ;  this  latter  is 
what  Fletcher  says  Sao  Paulo  is  paved  with."  This  same 
material  forms  the  great  plain  extending  west  to  Sao  JoSo 
do  Eio  Olaro,  and,  as  I  have  already  remarked,  tying  in 
with  the  formation  of  the  plains  of  the  Parang  aud  the 
south.  This  formation  I  beheve  to  be  the  same  as  that 
occupying  the  valley  of  Uie  Jequitinhonha,  and  which  I  have 
referred  to  the  tertiary. f 

•  Literally,  deep-red  earth;  tlie  ordinary  i-ed  sdil  of  Eio  goes  by  tlie  name  of 
harm  vermdho. 

t  Since  writing  the  above  I  have  received  iiom  Major  James  a  specimen  of 
tills  roek,  which  is  predsely  like  the  clayey  sandstone  of  the  chapadas  of  the 
Jeqnidnhonha. 
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At  Sao  JoSo  cle  IpaiiSma,  near  Sorocaba  and  about  twenty 
leagues  southwest  of  SSo  Patilo,  tliere  ai'e  beds  of  sandstone 
and  limestone  associated  with  dioritea  and  porphyry,  with 
heavy  deposits  of  magiietie  iron  ore.*  This  ore  is  mined 
to  a  considerable  extent,  and  is  smelted  almost  on  the 
spot. 

Von  Escliwege  says  tliat  the  sandstones  are  raodern- 
seooudary.f  I  would  suggest  a  compaiison  between  them 
and  the  sandstone  and  iron  deposits  of  tlie  Sao  Francisco 
River,  described  by  Burton. 

These  iron  deposits  were  discovered  in  1578  by  one 
Alfonso  Sardinha,  who  is  said  to  liave  found  at  the 
same  time  J  "  a  vem  of  silver  (?),  of  whose  exti'action  the 
government  took  charge ;  but  as  tlie  expense  was  great 
all  was  soon  abandoned,  and  these  sites  remained  luipeopled 
until  1803,  an  epoch  in  which  some  naturalists,  exploring 
tlie  serras  of  tlie  distinct  of  Sorocaba,  came  to  recognize  the 
ti'ue  importance  of  the  iron-mines  of  Guara^oiava.  After 
seven  years  the  prince-regent  brought  over  from  Sweden,  at 
no  small  expense,  a  company  of  miners,  under  the  direction 
of  an  individual  of  the  same  nation,  named  Hedberg,  who 
set  up  four  forges,  which,  owing  to  their  bad  arrangement, 
were  of  no  service In  1815  new  forges  were  con- 
structed by  order  of  the  same  prince,  together  with  dfabrica 
on  a  larger  scale  than  the  first,  and  the  Count  of  Palma  .... 
was  charged  witli  tlie  direction  of  tlie  work  of  the  engineers 
and  the  superintendence  of  everything.  This  governor  or- 
dered two  enormous  furnaces  to  be  built  beside  those  which 

•  A  collection  of  specimens  fi'om  (his  locality  mude  by  Olfer  existed  in  1823 
in  the  Konigl.  Mineralogieche  Museum  Ht  Berlin. 
'  Ana.  dfs  Mines,  8°'  Vol.  1833,  p.  405. 
i  Die,  Geog.,  art.  Sao  Joao  d' HipaaSina. 
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still  existed."  *  "  The  iron  manufactured  is  excellent,  uiid 
tlie  ore  gives  fifty  to  eighty-five  pounds  of  metal  to  tlie 
quintal.  At  present  tliere  are  two  high  furnaces  measuring 
eight  metres  in  height,  producing  regulai-ly  3,000  kilo- 
grammes of  cast-iron  in  twenty-four  hours  witii  uninter- 
rupted work  " 

Tlie  rt-gioii  111  whi(,h  tlw.©  iion  woiks  are  Bituated  is  coi 
ered  with  foie&t,  and  ^vood  is  the  luel  u-^ed  The  flux  em 
ployed  is  limestone  and  dioute  In  the  immediate  vicinity 
of  the  furnaces  is  found  an  excellent  quilit}  of  sandst  ue 
of  which  a  If  fiactjiy  kind  is  uiijlu^i,  1  in  the  hi  n  ^  tf  thi 
furnace'^ 

The  seiia  Araasso/aia  (Guaia^ciava)  atcoiding  to  ^pix 
and  Martms  f  is  an  isolated  ndge,  about  one  thou-.aaid  feet 
high  aboie  the  level  of  the  mei  IpanSma,  and  a  league  m 
length  ftom  north  to  sDutJi  The  cie  ocluis  in  a  laiae  de 
posit,  and  out  authois  spe  dv  of  beeina  a  mass  of  it  foity 
feet  peipendicuHr  It  is  associate  1  with  a  vellow  sonl 
stone  with  a  scanty  argillaceous  cement  and  a  clay  slate 
or  shale  of  a  diit}  lavender  colot  Its  stnke  is  eastwe'-t 
In  the  same  hill  a  porous  quartz  rock  of  a  hght-brown  color 
was  observed,  containing  light-blue  chalcedony.  On  the  Rio 
Tiet6  at  Arai-aitagnaba  Spis  and  Martina  report  a  sandstone 
similar  to  that  of  Ipan§ma. 

The  soils  of  the  Province  of  Sao  Paulo  are  exceedingly 
fertile,  and  tlie  climate  is  favorable  to  the  growth  especially 
of  coffee,  sugar,  and  tobacco.  Coffee  flourishes  exceedmgly 
well  on  the  campinas  west  of  Sao  Paulo,  and  it  is  probable 
tliat  there  is  no  more  valuable  coffee  region  in  Brazil.  Tlie 
climate  is  so  mild  in  the  vicinity  of  the  city  of  Sao  Paulo 

•  Cotaloffoda  Sei/unda  Esposkdo  Nadonolde  1666,  p.  69, 
t  Beise,  Vol.  I.  pp.  253,  254. 
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that  many  Europeaii  plants  may  be  euccessfully  raised,  such 
as  flax,  wheat,  the  vine,  peaches,  &c.,  &g.  The  climate  on 
the  liigher  lands  is  very  healthy  and  agreeable,  and  well 
suited  to  Europeans.  The  province  has  now  nearly  800,000 
inhabitants,  and  counts  a  considerable  number  of  flourisliing 
towns.  There  are  some  German  colonists  in  tlie  province, 
and  1  understand  that  a  considerable  munbev  of  Americans 
from  the  Soutliern  States  have  settled  there. 

The  Province  of  Paran4,  which  lies  just  south  of  tliat  of 
SSo  Paulo,  has  very  nearly  the  same  toijograpiiicid  features, 
being  low  along  the  coast,  rising  more  or  less  steeply  to 
the  summit  of  the  plateau,  and  then  sloping  off  towards  tlie 
Parallel  in  extensive  campinas.  The  capital  is  Curitiba, 
situated,  like  SSo  Paulo,  at  some  distance  west  of  the  edge 
of  tlie  plateau.  Tlie  greater  part  of  the  country  is  covered 
by  heavy  forests,  though  in  the  northwest  there  are  extensive 
plains.  An  important  business  of  the  province  consists  in 
the  raising  of  cattle,  of  which  large  numbers  are  exported. 
Coffee,  cotton,  potatoes,  sugai-caue,  Indian  corn,  wheat,  veg- 
etables of  different  kinds,  &c.,  ai-e  cultivated  to  a  consider- 
able extent.  The  "herva  mate,"  or  matte  of  tlie  Brazilians, 
—  Ilex  Paraguay ensis,  or  Paraguayan  tea,  largely  grown  in 
the  Paraguayan  republic,  and  used  in  lien  of  Chinese  tea, — 
is  grown  in  large  quantities  and  forma  an  article  of  export. 
Bousquet*  says  that  the  Chinese  tea  grows  well,  but  that  it 
is  not  as  yet  much  cultivated.  Tea  will  also  grow  at  Uio, 
Sao  Paulo,  and  elsewhere  in  tlie  south.  Bousquet  spcalts 
of  tlio  vanilla  as  growing  spontaneously  in  the  vicinity  of 
Paraiiagui.  The  province  has  never  been  explored  by  a 
competent  modern  geologist.    It  is  just  possible,  as  admitted 

*  Note  am-  la  Province  de  Parand,  par  M.  Bousquet,  BixlL  de  la  Societc  de 
Geogmphie,  5"'  Se'rie,  T,  9,  p.  528. 
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hy  Mr.  Plant,  that  coal  may  be  found  on  the  low  lands 
between  the  Serra  do  Mar,  or  Cuhatao,  as  it  is  commonly 
called  in  ParauS,,  and  the  sea.  Eousquet  says  native  mer- 
cury occurs  near  Paranagiiil.  Gold  and  diamonds  are  found 
on  the  borders  of  the  Rio  Tibagy.* 

This  province,  like  SSo  Paulo,  is  well  watered  by  large 
streams.  Between  the  two  provinces  runs  tlie  Parana- 
pauema,  on  the  west  is  the  Paraiifl.  and  to  the  south  the 
Uruguay,  while  tlie  Ivahy  and  Tibagy,  both  rivers  navigable 
for  canoes,!  i-un  through  the  province,  one  emptying  into 
the  Paranapanema  and  the  other  into  tlie  Parani.  The 
Parand  is  navigable  for  about  ninety  leagues  from  the  falls 
of  Urubupunga  in  the  Province  of  G-oyaz  to  nearly  opposite 
the  Tiet^  in  Sao  Paulo,  where  navigation  ends  at  the  island 
of  Sete  Quedas.  The  Salto  Grande  on  the  Parang  is  de- 
scribed as  being  comparable  to  tlio  Caxoeira  dc  Paulo 
AfFonso. 

So  far  as  water  highways  arc  concerned,  the  province  is 
well  furnished. 

Tliere  is  a  little  Brazilian-Frencli  colony,  called  Santa  The- 
resa, estabhshed  on  the  Ivaliy,  and  another  colony  of  some 
five  hundred  uihabitants,  called  Superaguy,  near  Paranf^d, 
of  which  the  inhabitants  support  themselves  by  agriculture 
and  fisliing. 

Tlie  seaport  of  the  provhice  is  Paranagud,  a  considerable 
town,  situated  on  a  large  and  beautiful  bay  which  forms  an 
excellent  and  spacious  harbor. 

The  pro^Tiice  of  Santa  Catharina  Ues  just  south  of  Paranft. 
It  is  one  of  tlie  most  fertile  of  the  provinces  of  Brazil,  and  is 

*  Oiivdi'a,  Exphra^o  de  Miaeraes,  p.  11- 

f  Vcreker  "  On  Bi-aatian  Pmoiticc  qf  Parana,"  Jour.  'Roy.  Guog.  Soe,.,  Vol. 
XXXII,  p.  137. 
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lilessed  witli  a  delightful  and  temperate  climate ;  but  except 
on  the  eeacoast  it  is  not  well  settled,  and  the  population  is 
probably  not  more  tlian  150,000.  The  capital  is  Desterro,  a 
large  town,  delightfully  situated  on  the  western  side  of  the 
island  of  Santa  Catharina.  There  are  several  flourishmg 
colonies  ui  the  province. 

Between  the  edge  of  the  plateau  and  the  sea  there  exists 
in  Santa  Catharina  a  coal-basin,  in  which  along  tlie  banks 
of  the  Rio  TuberSo  beds  of  bituminous  coal  of  fair  quality 
are  exposed.  The  Viscoude  de  Barbacena  is  interested  in 
tlie  development  of  this  region,  and  we  may  hope  erelong  to 
see  some  results  of  his  labors.  I  am  not  aware  tliat  any 
report  on  tliis  field  has  yet  been  publislied.  I  understand 
that  the  coal-beds  lie  quite  flat,  as  elsewhere  to  the  south. 

The  Province  of  Rio  Grande  do  Sul  is  the  most  south- 
ern of  Brazil,  lying  just  north  of  Uruguay,  and  situated  be- 
tween 27°  50'  and  38°  45'  south  latitude.  Much  of  the 
country  is  hilly,  particularly  in  tlie  eastern  and  northern 
portions,  but  towards  the  west  and  south  it  consists  of  plains 
covered  witli  herbs  and  fonning  tlie  pasture-grounds  of  herds 
of  cattle.  The  northern  and  easteni  portion  is  more  or  less 
heavily  wooded.  The  interior  has  never,  so  far  as  I  can 
learn,  been  scientifically  explored,  and  I  am  unable  to  find 
any  reliable  description  of  its  physical  features. 

Of  tlie  geology  of  the  province  we  have  little  information 
except  with  reference  to  the  coal-mines. 

In  an  article  in  the  Quai'terly  Journal  of  Science,  No.  11, 
1864,  Mr.  Edward  Hull  says  that  the  first  notice  of  the  coal 
deposits  of  the  Province  of  Eio  Grande  do  Sul  was  taken  by 
one  Guilherme  Bouleicli  in  tlie  year  1859.  This  is  not  quite 
correct.*    In  May,  1858,  Dr.  Av^-Lallemaiifc  visited  coal- 

*  Tim  vad  diioovurer  of  tlic  Braiiliftti  i^Oiil-lic;kla  was  Dr.  Pcrigot,  of  riush- 
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mines  on  the  Arroio  dos  Ratos,  which  were  at  that  time 
worked  on  a  small  scale.  Ho  refers  to  an  examination  of 
the  locality  made  some  time  before  by  a  Bacharel  Vascon- 
cellos.*  Dr.  Lallemaiit  describes  two  horizontal  seama  of 
coal,  —  an  upper,  worked,  about  four  feet  thick  ;  a  few  feet 
below  this  seam  a  second  was  found  of  the  same  thickness. 
1  have  not  had  the  opportunity  of  examining  specimens  of 
tliis  coal ;  but  I  learn  that  it  is  a  fair  bituminous  variety,  with 
a  more  abundant  ash  than  the  English  coals  sent  to  Eio.  It 
has  been  in  use  some  ten  years  on  the  steamers  of  tlie  Com- 
panhia  Jacuhy,  and  has  been  found  more  economical  to 
employ  it  tlian  the  English  coal.  That  of  the  Arroio  dos 
Eatos  sells  for  13$00O-17$00O  ($6.50-^8.50  Ajnerican 
currency)  pec  ton,  which,  as  we  shall  presently  see  from  Mr. 
Plant's  report  on  the  Jaguarao  coal-field,  is  a  much  lower 
price  than  that  of  the  English  coals.  There  are  three  sep- 
arate coal-fields  in  the  Province  of  Eio  Grande  do  Sul,| 
aU  of  which  Mr.  Natlianiel  Plant  has  studied  with  cai-e. 
This  gentleman  informs  us  tliat  tlie  basins  are  separated 
from  one  another  by  rolling  hills  of  syenite,  mica-schist, 
and  granite,  together  with  trachytic  and  basaltic  rocks. 

The  largest  of  tliese  basins  is  situated  in  the  JaguarSo  and 
Candiota  valleys,  between  lat.  31°  and  32°  S.  and  long,  53° 
and  54°  E. 

iog,  Long  Island,  who  was  engaged  in  1S41  b  tl  c  B  ?  1  t  t,  cmmont  to 
make  geoli^iciil  observations  in  the  Empire.  Tl  i?  g  lleniin  )  'ted  the  ex- 
istence of  a,  coal-field  in  Santa  Cathaiina,  some  three  linndi  ed  m  \es  long  from 
north  to  aonth  and  twenty  to  thirty  miles  wide. 

*  Ave'-Lallemunt,  Beiae  Airch  SSd-BrasiUen  m  JaJire  I85S,  Theil  I.  p.  478. 

t  The  Bmrilian  CoaUFields,  by  Nathaniel  Plant,  F.  B.  G,  S.,  &c.,  Geological 
Magazine,  Vol.  TI.  No.  4,  April,  1869.  I  owe  a  copy  of  this  paper  to  tlie 
kindness  of  Mr.  Plant's  brother,  Mr,  John  Plant,  Curator  of  the  Royal  Mnsaura 
ofSalford.  Mneh  credit  is  due  Mr.  Plant  for  his  long-continued  exeriions  in 
working  ont  the  strnetiirc  and  limits  of  these  coal-fields,  and  for  his  persistence 
in  endeavoring  to  bring  the  coal  into  market. 
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Mr.  Plant  presented  Professor  Agassiz  in  1865  with  a 
short  description  of  this  coal-field,  together  with  specimens 
of  i-oclcs,  fossils,  and  coals,  which  I  have  examined.  The  fos- 
sils are  of  true  and  characteristiG  carboniferous  genera,  and 
no  doubt  can  exist  as  to  the  equivalency  of  the  deposits.* 
I  give  Mr.  Plant's  paper  in  fuU.-j-  One  of  the  photographs 
mentioned  I  have  had  engraved  as  a  frontispiece  to  this 
volume. 

I  may  add  tliat  Mr.  Plant  has  been  for  several  years  ex- 
ploring the  coal-basins  of  the  province  with  a  view  to  having 
tliem  worked  by  a  mining  company.  It  is  to  be  lioped  that 
his  efforts  may  be  abundantly  successful. 

Goal-Fields  of  the  River  JaguarS,o,  and  its  Tributaries,  the  Rivers 

Candiota  and  Jaguarao-eMco  in  Hie  Promnce  of  Rio  Grande  do 

Sitl,  Bradl. 

The  coal-basin  of  the  river  Jaguarao  is  situated  in  the  southern 
part  of  the  province  of  Rio  Grande  do  Sul,  between  lat.  31° 
and  32°  S.,  and  long.  324°  and  325°  (French  meridian)  in  the 
■valley  of  the  Jagiiarao  and  its  tributaries,  the  rivers  Candiotn 
and  Jaguarao-chico.  It  covers  an  area  of  about  fifty  miles  h^ 
thirty,  its  greatest  diameter  being  from  north  to  south.  The  coal 
strata  which  the  geological  section  illustrates,  and  whence  the  ac- 
companying specimens  have  been  obtained,  and  the  thickness  of 
the  beds  determined,  are  exposed  in  an  elevated  escarpment  on  the 
banks  of  the  river  Candiota,  at  a  place  called  "  Serra  Partida,"  t 
where  they  appear  in  the  following  order  of  superposition  :  — 

*  Strange  to  say,  that,  after  all  the  explorations  made  of  these  coBl-fields,  their 
carbonifevoas  age  was  long  in  being  recogniied.  Affonso  Mabilrtc,  in  a  report 
made  to  the  president  of  Eio  Grande  do  Sul,  aays  that  the  con!  is  a  lignit*  of 
leriiarj  age, 

t  Tills  paper  also  appears  in  Fletcher's  work.  I  presume  Mr.  Plant  fur- 
nished him  with  a  duplicate  copy  of  the  MS. 

J  See  frontispiece,  which  is  cngiuved  from  a  pbotogiaph  ])rcsiontpd  to  Pro- 
l^ssor  AgasBiz  by  Mr.  Fliint, 
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1   Farmginoua  sandstone,  28  ft. 

2.  Ooa!  shale,  fl  ft. 

3  Sandy  shiJs,  5  It. 

4  Coal,  3  ft. 
B    White  foasillferoua  ahnle,  5  ft. 


■    F  '  il  foinus  Blaj,  9  ft. 


No.  1.  The  uppertmist  bed  n  composed  of  sandstone  of  a  highly 
fevruginoufi  nature,  leaembhng  in  its  appearance  the  "Gr^s 
BigavrS  "  of  Europe  ,  it  contains  nodules  of  a  ailicions  peroxide 
of  iron,  yielding  from  twenty-five  to  thirty-five  per  cent  of  metal. 
It  varies  conaiderabl,        t    tl     1      ss  m    pi         b 

pletely  worn  away,  an  1        th 
of  two  hundred  feet      I    m 

No.  3,  of  coal-ahale,  very  iig  11 


ft., 
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out  wherever  the   s  p 
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oxide  of  iron,  which,  together  with  the  ironstone  found 
sandstone,  will,  in  all  probability,  be  turned  to  profitable  ac- 
count when  the  coal-beds  are  worked  ;  underneath  this  is. 
No,  4,  a  bed  of  bituminous  coal,  three  feet  thick.      The  min- 


d  by  Google 


PBOVINCES   SOUTH   OF   RIO.  U2d 

era],  although  it  leaves  a  high  percent*^  of  ash,  will  be  found 
useful  in  smelting  the  iron  ores  irom  the  interstratifyiug  beds ; 
and  there  is  every  reason  for  suppcKing  that  it  will  be  found 
of  a  better  qiiahty  when  the  bed  is  fairiy  worked.  The  saniplea 
tested  were  taken  from  very  near  the  surface,  which  may  in 
some  measure  account  for  its  apparent  impurity;  it  reats  on, 

No.  5,  a  bed  of  white  day  or  schist,  containing  innumerable  im- 
pressions of  fossil  plants  (perhaps  aquatic),  the  general  appear- 
aace  of  which  would  lead  one  to  conclude  that  these  carbonifer- 
ous deposits  belong  to  a  later  period  than  tliat  assigned  to  the 
coal-measures  of  England  and  the  United  States,  were  such  a  con- 
clusion not  confnted  by  the  fossil  ferns  found  in  the  other  inter- 
stratifying  shales ;  it  has  a  thickness  of  five  feet,  and  overhes  a, 

No.  6,  bed  of  good  coal  eleven  feet  thick.  This  coal  reseniblea 
very  much  in  its  appearance  the  Newcastle,  and  may  be  traced 
for  many  miles  along  the  banks  of  the  river  Candiota,  sometimes 
forming  the  bed  of  tliat  river  and  of  the  small  streams  falling 
into  it ;  it  is  separated  from  another  seam  by  a  thin  parting, 

Ho.  7,  of  blue  clay. 

Ko.  8.  The  coal  of  the  lower  bed  appears  to  be  even  of  a  better 
quality  than  the  one  above ;  it  has  a  clean,  shining  fracture, 
and  in  some  places  thin  seams  of  pure  cannel-coal  may  be 
traced  along  the  bed.  It  is  highly  infiammable,  boiling  «p 
like  oil  during  combustion.  This  coal  has  been  used  as  fuel 
in  various  ways  with  marked  success.  It  has  been  tried  on 
the  steamers  navigating  the  Lagos  dos  Patos  in  tlie  province 
of  Eio  Grande,  and  although  it  left  a  greater  portion  of  ash 
than  the  Cardiff  coal,  it  was  found  to  be  a  good  caking  coa!,  and 
served  every  purpose  of  a  steam  fuel    Below  this  is  another  bed, 

No.  9,  of  blue  clay,  containingvestiges  of  fossil  plants;in  everything 
else  it  is  similar  to  the  upper  bod  of  the  same  mineral.  It 
reposes  on, 

So.  10,  the  tliiclteat  seam  of  coal  exposed  in  the  escarpment  at 
the  Serra  Partidn.     This  is  the  lowest  bed  of  coal  exposed  in 
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any  pai-t  of  tbe  eoal-fieMs  of  Caadiota,  but,  ia  all  probability, 
other  beds  will  be  found  nearer  to  the  centre  of  the  basin,  or 
this,  as  well  as  the  incumbent  beds,  may  become  thicker,  judg- 
ing from  the  fact  that  all  the  beds  appear  to  thicken  as  they 
approach  the  middle  of  the  valley  of  the  river  Jaguarao,  The 
great  thickness  (twenty-five  feet),  the  good  and  hoioogeneous 
character  of  the  seam,  are  important  features  in  this  coal-field. 
The  mineral  (although  taken  from,  near  the  decomposed  face  of 
the  cliff  on  the  river  Caodiota)  was  found  to  leave  even  less  ash 
than  that  from  the  seam  above.  It  has  frequently  been  used 
on  steamers  with  the  same  success  as  that  obtained  from  New- 
castle coal.  The  coke  obtained  from  this  coal  by  Mr.  W.  G. 
Ginty  of  the  Eio  Gas  Works  (vide  Mr.  Ginty's  report)  was  even 
bettei  tl  an  thit  detived  from  NewLtstle  co'^l  It  overlies  a  bed 
No  11  of  n  nstone  shale  n  hich  m  a  fcientifac  pomt  of  %  lew 
IS  the  m  st  impoit'mt  dej  sit  of  the  coal  measures  of  the 
Jagnaia  from  the  fiot  of  its  conttmmg  unpressiona  of  or 
game  lemims  Ij  vLioh  the  geol  gical  age  of  the  coal  beds 
can  te  determmed  the  fossil  plaits  fonnd  embedded  n  this 
shile  ill  belong  t  the  same  ^en  ra  as  th  ^  wh  cli  h  im 
tenze  the  coal  fields  of  Bntain  and  the  I  nited  States  the 
mcffit  abunlint  belonging  to  the  genera  Lepido  lendr  ju  *  and 

*  Three  pec  ea  of  plants  1  a  a  be  n  de^i  ibe  1  by  M  W  C  irr  ichers  viz  — 
Flemmgilei  Pslroanus  Cabruthebs.   Geol.  Mag.,  Vol.  \  I.  Ho.  4,  p.  5,  PL  P.  V. 

"  Stem  lopidodendroid,  scars  Email,  obovate,  wicliont  any  mai'tings;  base  of 
the  petiole  permnnenfly  attached  to  tbe  stem;  leaf  slender,  linear.  Fruit  s. 
cone  (?)  the  scales  of  which  support  nnmerons  sporangia," 

The  stems  of  this  pls.nt  at  first  sight  resemble  those  of  some  species  of 
I^epidodendron ;  but  they  may  be  readily  distinguished  from  Lepidodendron  by 
the  character  of  the  scars,  which  never  show  anj-  impression  from  articulating 
surfaces.  Associated  with  the  atoms  and  leaves  of  this  species  are  found  in  great 
abundance  minute  flattened  bodies  vfhich  Mr.  Carruthers  considers  lo  be  the 
sporangia  of  t^e  plant  under  consideration. 
OdontoplerU  Plaaliana  Carrutbbss.    Zk.  cit,  p.  9,  PI,  V.  Figs.  2  &  3. 

"Pinnules  broad  at  tbe  base,  in'egularlj  lo  bed,  obtuse  ac  the  npex;  hasal 


,db,Google 


PK0VINCE8  SOUTH  OF  EIO.  525 

Glossoptoris ;  others  have  been  recognized  as  being  similar 
to  tho  ferns  found  in  the  very  oldest  secondary  roolis,  thua 
leaving  no  uncertainty  as  to  the  true  oarboniferous  charac- 
ter of  the  coal-measuros  of  the  river  Candiota,  This  seam  is 
very  prolific  of  fossils,  and  there  can  be  no  doubt  that  when 
these  immense  beds  of  mineral  treasure  are  worked  many  new 
and  interesting  forms  of  vegetable  life  will  be  brought  to  light 
to  enrich  our  knowledge  of  the  coal-fields  of  the  Southern 
hemisphere.  Tho  ironstone  shale  is  very  rich  in  metal,  and 
will  doubtless  be  worked  as  an  iron  ore  when  tho  mines  are 
opened.     Below  this  there  occurs  another  bed. 

No,  12,  of  sandstone,  similar  in  all  respects  to  the  uppermost  bed. 
After  which  is  a  bed, 

No.  13,  of  fine  crystalline  limestone,  containing  small  frj^menta 
of  graphite,  disseminated  throughout  the  mass.  It  is  trav- 
ersed also  by  veins  of  a  very  pure  carbonate  of  lime  in  the  form 
of  double-refracting  spar,  which,  in  some  places,  attain  a  con- 
siderable thickness.  This  limestone  will  not  only  be  of  immense 
value  for  manufacturing  into  lime,  but  also  as  a  flux  in  smelt- 
ing the  iron  ores.  The  three  things  essential  for  the  erection  of 
smelting-works  are  thua  found  in  the  same  district  interetratified 
with  each  other :  the  ore,  the  fuel,  and  the  flux,  all  of  the  very 
first  quality, — a  combination  of  mineral  riches  (only  watting  for 
the  hand  of  man  to  realize  them)  scarcely  to  be  foimd  together 
ill  one  spot  in  any  other  part  of  the  globe.     Evidently, 

No.  14,  the  two  lowest  beds  of  these  coal-measm-es  are  mica-schist. 

No.  15,  and  another  limestone  rock  of  a  very  dark  and  compact 

pinnules  lai^e,  much  aiiQ  irregularly  lobcd  ;  nerves  nrcnately  parallel,  cliclioto- 

Naggemthia  ^/ovala  Cahbuthehb.     Xdc.  cii.,  p.  9,  PI,  VI.  Fig.  1. 

"  Frond  sessile,  flat,  entire,  elongate  oborate,  attenuated  towards  tfie  base ; 
nerves  dWidine  dicbotomously,  parallel." 

I  have  seen  Catamites  and  a  8pliaio/ihris  (n.  sp.)  in  specimens  of  conl  shale 
from  one  of  soHth  liraziliaii  coal-fields  ;  but  the  labels  having  been  lost,  I  have 
been  unable  to  determine  the  exact  locality.  —  C-  F-  H, 


,db,Google 


526  GEOLOGY  AND   PHYSICAL   GEOGHAPHY. 

natiu-G.     It  is  scarcely  possible  to  determine  which  is  the  lower- 
most, as  in  some  places  the  mica-Bchist*  is  seen  lying  on  the 
syenite  which  surrounds  the  coal-baain,  and  in  others  the  lime- 
stone ;  the  name  of  "  metalliferous  limestone  "  has  been  given 
it,   owing  to  the  innumerable  crystals  and  thin  veins  of  sul- 
phuret  of  iron  which  appear  in  it.     In  all  probability  other 
roetalliferouB  veins  will  be  found  in  this  limestone. 
Nearly  the  whole  of  the  coal-basin  of  the  valley  of  the  Jaguarao 
ie  enclosed  by  syenitic  bills  of  from  two  hundred  to  three  hun- 
dred feet  high  ;    the  sides  towards  the  coal-field  slope  gently  down- 
wards till  they  disappear  under  the  sandstone  overlying  the  coal ; 
on  the  other  side  the  syenite,  after  presenting  an  uneven  and  undu- 
lating aspect  for  some  three  or  four  leagues,  gradually  subsides 
into  an  even  country,  which  continues  on  almost  perfectly  plain  t  till 
the  seaport  city  of  Eio  Grande  do  Sul  is  reached,  so  tliat  the  com- 
pany (already  formed  for  making  the  survey  for  a  railway  to  carry 
the  mineral  riches  of  the  valley  of  the  J^uarao  down  to  a  seaport, 
where  the  coal  can  be  shipped  to  the  different  ports  along  the  coast 
of  Brazil,  and  the  River  Plate)  will  find  no  difficulty  in  discover- 
ing a  route  along  which  a  cheap  Hue  of  rails  can  be  laid  down. 

The  photographic  views  of  the  different  escarpments  in  which 
the  coal-beds  are  shown  along  the  river  Candiota  will  show  the 
great  fecilities  afforded  for  worlting  the  coal  in  almost  any  part  of 
the  basin  by  open  cuttings.  Tramways  can  be  laid  down  branch- 
ing off  in  different  directions  from  the  main  trunk  line,  along 
which  the  coal-wagons  can  be  run  right  into  the  seams  of  coal, 
thereby  rendering  the  sinking  of  espensive  shafts  quite  unneces- 
sary. 

The  general  dip  of  the  beds  is  from  5°  to  10°  R.  W.,  and  in  no 
place  are  there  signs  of  aubsequont  upheavals  or  dislocations  of 

*  Tlio  mica-schist  is  without  doubt  mucli  older  than  the  carboiiiforona.  — 
C.  F.  H, 

t  Mr.  Hull  spoafes  of  a  gently  sloping  plane  of  basalt  stretcMiig  from  tlie 
coal-mineB  toward  the  port  on  tlie  Rio  Goafalo.  (Quarterly  Journal  of  Science, 
No.  11,  April,  1864.) 
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strata  visible,  so  that  very  little  obstruction  will  be  met  with  in 
carrying  the  tramways  along  the  seams  as  the  working  of  them 
goes  forwards. 

It  is  almost  unnecessary  to  dwell  upon  the  immense  value  of 
these  coal  deposits  as  a  commercial  enterprise,  when  it  has  been 
already  ascertained,  by  a  "running  survey"  of  the  country  be- 
tween the  seaport  of  Eio  Grande  do  Sul  and  the  coal-mines  of 
Candiota,  that  in  all  probability  the  coal  will  be  delivered  on 
board  vessels  lying  in  the  port  of  Eio  Grande  at,  perhaps,  less  than 
7|000  per  ton,  where  it  is  at  the  present  moment  being  sold  at 
2it000  J  and  aa  soon  aa  a  bill  is  passed  allowing  vessels  of  all 
nations  to  trade  between  the  Brazilian  ports,  there  wiD  be  no  kck 
of  enterprising  shipowners  to  carry  the  Eio  Grande  coal  to  Rio  de 
Janeiro — in  which  port  alone  the  enormous  amount  of  180,000  tons 
of  coal  are  annually  imported  —  for  a  price  which  will  enable  the 
coal-mining  company  to  sell  the  Candiota  coal  in  the  market  of 
the  capital  of  the  Brazilian  Empire  for  about  15$000  per  ton,  — 
a  price  which  will  annihilate  any  competition  from  foreign  mar- 
kets, seeing  that  the  foreign  coal  is  seldom  sold  for  less  than 
228SOOO  per  ton. 

The  consumption  of  coal  in  the  river  Plate  is  perhaps  as  great 
aa  that  of  Eio  de  Janeiro,  and  the  facilities  for  supplying  the 
markets  of  Buenos  Ayres  and  Montevideo  from  the  coal-mines  of 
the  river  Candiota  are  still-  greater  than  those  for  supplying  Eio. 
The  coal  can  be  sent  from  the  mines,  put  on  board  colliers,  and  de- 
livered in  Montevideo  in  three  or  four  days,  at  about  half  the 
cost  of  delivering  the  same  article  in  Rio,  which  is  a  market  where 
coal  is  never  less  than  fifteen  dollars  per  ton  (or  S0$000). 

The  consumption  of  coal  along  the  Brazilian  coast  and  in  the 
River  Plate  increases  yearly,  and  in  all  probability  it  will  be 
found,  after  the  coal-mines  of  Candiota  have  been  opened  for  a  few 
years,  that  a  single  line  of  railway  will  not  be  found  sufficient  to 
carry  the  siipply  of  coal  to  meet  the  increasing  demands. 

Nathaniel  Plant. 

ItiO  DE  JASEIKO,  20th  July,  181)5. 
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Eepart  on  the  Candiola  Coal  hy  W.  G.  Ginty,  Engmeer-m-Chief  of 

the  Rio  de  Janeiro  Gas  Worhs. 
Mr.  Nathamibi.  Plant  :  — 

Dear  Sib,  —  I  have  received  and  examined  your  samplos  of 
Eraailian  coal  from  Candlota  with  great  interest,  and  I  am  glad  to 
be  able  to  congratulate  you  on  its  really  good  quality. 

The  samplea  you  sent  me  were  too  email  for  complete  and  satis- 
fectoiy  analysis  in  the  apparatus  at  my  disposal  I  found  also 
that  the  samples  varied  a  good  deal  in  appearance  and  quality. 
This  has  arisen,  no  doubt,  from  their  having  been  obtained  from 
TarioTia  positions  on  the  nearly  perpendicular  face  of  the  immense 
stratum,  and  from  variable  periods  of  exposure,  as,  owing  to  the 
ornmbling  away  or  disintegration  of  pieces  under  the  incessant 
action  of  the  weather,  these  samples  may  have  been  exposed  for 
periods  varying  from  each  other  as  seconds  do  from  centuries. 

The  Candiota  coal  resembles  the  Newcastle  steam-coal  {which 
comes  to  this  market  at  least)  veiy  much  in  structure,  cleavage, 
and  general  appearance,  nor  does  it  differ  very  much  from  New- 
castle coal  in  its  useful  properties,  escept  that  it  contains  more 
than  double  the  quantity  of  ash,  which  is  detrimental  to  its  heat- 
ing powers ;  but  this  objection  is  likely  enough  to  disappear  alto- 
gether in  samples  from  the  deeper  parts  of  the  mine. 

The  coke  from  the  Candiota  coal  is,  however,  very  different 
in  appearance  from  that  of  the  Newcastle  coal,  and  resembles  the 
coke  of  (what  is  sold  here  as)  Cardiff  coal  in  ite  silvery-colored 


Some  of  this  Candiota  coal,  however,  especially  that  of  the 
lower  seam  is  very  friable,  and  is  evidently  what  is  called  caking 
coal ;  that  is,  it  boils  or  becomes  molten  during  the  process  of 
carboniaation.  However,  all  the  qualities  of  the  coke  from  the 
Candiota  coal  are  very  good, 

As  you  say  the  dip  ov  inclination  of  the  seams  or  strata  of 
this  Candiota  coal  is  5°  from  the  piano  of  the  horizon,  I  think  it 
most  reasonable  to  presume  that  a  much  finer,  more  compact,  and 
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equable  quality  of  coal  may  be  oalculated  upon  at  lower  depths. 
5°  is  a  gradient  of  1  in  11.4  or  8.77  per  cent,  or  462  feet  per  mile. 
Tliua  ill  such  an  immense  field  as  you  have  described  to  me  there 
is  ample  margin  for  obtaining  other  than  surface  ooal,  which  for 
obvious  reasons  in  BrazU,  as  elsewhere,  cannot  be  as  pure,  as  com- 
pact, or  as  uniform  in  quality  aa  that  obtained  at  great  depths.  I 
shall  watch  tlie  prosecution  of  your  explorations  in  this  direction 
with  great  interest. 

The  following  are  the  results  of  my  examinations  (as  far  as  they 
went)  on  the  Candiota  coal,  the  samples  of  Newcastle,  Cardiff, 
and  Wigan  cannel,  with  which  it  is  compared  below,  having  been 
tried  at  the  same  time  in  the  same  apparatus  :  — 

Spedflo       Per      Cubic  tett      IlluuiiimtiDg 

Waler  of  per  Ton          Standnrd 

1,000.  Coke.  CsndlH. 

Cfindiotacoal  (meanofthceequantitios)  1,240  63  6,it00               5.00 

"           "     Lower  seam     ....       1,230  60  8,19S               5,B0 

Newcastle 1,2S0  62 

Canliff        1,275  80 

Gas,  or  Cannel  Coal  (Case  and  Moras)    1,240  62  9,600             20.50 

From  the  appearance  of  the  lower  seam  I  do  not  despair  of 
yoTir  finding  a  good  gas  coal  for  us  in  the  Candiota  district,  and 
thus  freeing  the  Braj;ilian  gas  companies  fi^sm  the  fearful  tax  they 
have  to  pay  in  the  shape  of  freights  from  England,  amounting 
to  from  200  to  300  per  cent  on  the  value  of  the  materia  prima.  I 
send  you  labelled  samples  of  the  different  qualities  of  coke  above 
referred  to.  I  remain  your  obedient  servant, 

(Signed)  'W.  G.  GINTY,  Mem.  Inst,  C.  E:, 

L  qineer  Rio  de  Janeiro  Gas  Company. 

Mr.  Plant  descr  i  es  a  ''eco  d  uaal-basin  exposed  in  the 
valley  of  oi  e  f  tlie  tr  1  utai  e  of  the  Eio  Jaeuahy,  called 
the  Sao  Sepe  1 1  lat  30°  20    long  63°  30'. 

Tliere  are  two  leds  of  oal  e'^poeed  in  this  basin,  one 
fourteen,  the  other  seven  feet  in  thickness.  The  sandstone 
beds  overlying  these  veins  are  disturbed  and  overflowed  by 
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trachytic  eruptions.  The  area  of  tliis  basin,  so  far  as  is 
known,  is  about  fifteen  miles. 

Near  tlic  town  of  SSo  Jeronyino,  on  the  banks  of  the 
Jacualiy,  is  a  third  coal-basin,  situated  in  lat.  30°,  long.  51° 
30'.  At  a  depth  of  fifty-scTen  feet  below  tlie  surface  there 
is  at  tills  locality  a  bed  of  highly  bituminous  coal  six  feet  in 
thickness.  This  is  underlaid  by  a  bed  of  ironstone  shale 
with  fossils  like  those  so  common  at  Oandiota.  Several 
other  coal-beds  of  from  two  to  six  feet  in  tliiclmess,  and 
interstratified  with  clay  and  ironstone,  have  been  passed 
through  by  the  shafts  of  the  mines,  which  have  reached  a 
depth  of  one  hundred  and  eighty-tliree  feet. 

Since  the  foregoing  was  sent  to  press  I  have  had  the  op- 
portimity  of  examining  the  valuable  paper  of  Weiss  on  the 
collections  made  by  Sellow  in  Southern  EraaiL* 

I  regret  Uiat  want  of  space  prevents  my  giving  a  short 
abstract  of  tliis  paper.  I  coniine  myself,  therefore,  to  a 
quotation  from  Uie  introduction.t 

"  On  the  30th  degree  of  south  latitude,"  says  Weiss,  "  there  ex- 
tecds  from  the  sea  in  a  direction  west  a  few  degrees  aoutli  (in  der 
7^'^  Stirade  t)  obliquely  into  the  country  for  more  than  5°  of 
latitude  a  range  of  hills  of  '  basalt,'  that  is  of  ftmygdaloid  and 
black  porphyry  or  melaphyr,  §    but   nowhere    is   the  rock  true 


*  t}ber  das  sSdlidie  Ende.  des  GeMrt/ssmjes  von  BraslUm  in  <kr  Provinz  S. 
Pedro  doSul  und  der  Baada  Orkalal  oder  dem  Staate  fOH  Monte  Video ;  nach 
den  Sammhmgen  des  Herra  Ft.  SeUow,  Abliandlungen  der  Komglichen  Akade- 
mie  der  Wisaenschaften,  zu  Berlin,  aiis  dem  Jahre  1827. 

t  Loc.  eit.,  p.  223. 

I  Tho  Gsiman  miner's  oompaas,  Bccording  to  Gehlei-'s  Phjsi&aliscAes  WSrier- 
buck  (see  article  on  Compass)  wes  divided  from  nortli  to  soutli  and  sontli  lo 
north  into  twelve  lionrs  [Stimdai]  instead  of  decrees. 

§  Melaphyr  is  the  name  givon  by  Von  Biich  to  a  specie.?  of  porphyry  found 
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"  On.  the  southern  side  of  its  round  and  roof-shaped  hills  lira 
the  vftDey  of  the  Guajba  or  Jacuy,  with  Porto  Alegre  at  the  junc- 
tion of  four  rivers  with  the  Lake  Viamao.  Nearer  the  Urugiiay  it 
slopes  to  the  west,  but  even  there  it  is  united  with  a  range  of  the 
same  character  extending  southward  (in  der  1%'^"  Stunden)'  sepa- 
rating the  head-waters  of  the  Ibicuy  from  those  of  the  Caavera, 
forming  between  the  Caavera,  Ibirapuitam  Grande  and  Ibirapuitam 
Chico  considerable  ridges,  and  when  it  turns  to  the  west  toward 
Salto  Grande  it  sends  streams  southward  to  the  Daiman  and  Rio 
Negro,  northward  into  the  Arapey,  Quaraim  and  Ibirapuitam, 
This  chain  of  amygdaloid  is  the  source  of  the  great  quantities  of 
chalcedonies,  agates,  camelians,  rock-crystals,  and  amethysts  which 
cover  the  banks  of  Uruguay  downward  below  the  Hio  Negro. 
These  uniting  chains  divide  the  country  in  a  natural  manner  into 
a  northern  and  southern  half,  while  farther  south  there  is  no 
mountain-chain,  as  formerly  supposed,  to  form  the  boundary  be- 
tween the  Portuguese  and  Spanish  possessions.  The  amygdaloid 
formation  is  probably  continued  on  the  Uruguay  above,  since  it 
forms  reefs  and  cliffs  on  the  river  at  Salto  Grande  and  Salto  Chico, 
as  well  as  fourteen  leagues  iarther  up  at  the  Capella  de  Belem,  and 
among  others  the  map  of  Nunez  gives  just  above  the  Saltos  Grande 
and  Chico  a  '  Monte  Grande  del  Monteil '  On  the  slope  of  the 
amygdaloid  formation  there  is  spread  an  extensile  clayey  sandatone 
formation  extending  into  the  country,  and  it  ascends  to  the  foot 
of  the  granite  coast  mountains.  It  la  certtmly  veij  young,  and 
much  younger  than  was  supposed  by  one  ttaveller  (Sellow),  who 
referred  it  principally  to  the  Permian  {Rothhegende)  From  its 
chai-acter  as  well  as  its  situation,  it  is  extremely  probable,  not  to 
say  certain,  that  it  is  tertiary,  and  may  be  provisionally  referred 
by  us  to  the  Molasae  or  Braunltohlen  sandstone." 

in  the  Alps.  The  ground  massiS  black  or  blackish  gray  with  embedilecl  crystals 
of  L(ibraiiorit8(?)  and  Angite,  with  occasionally  mica,  hornMende,  and  pyrites, 
t  becomes  amjgclaloidii,!.  See  Meiaphy  in  HandiimterbiKh  der 
■n  uiid  foiseiDandlm  Clieinie, 
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CHAPTER    XVIII. 

THE    GOLD-MINES    OF    BRAZIL* 

Geological  Distribution  of  Gold  in  Brazil.  —  Gold  in  Gneiss,  at  Jaragna,  Can- 
tagallo,  Pinneo,  and  elsewhere.  —  Tlie  richeat  Deposits  found  in  Veins 
tcaverEing  Cla,j  Slalfia.  —  Giiaraclev  of  Anriferoas  Qnavtz.  —  Grantllar 
Qiiaria,  or  Cacd.  —  Gcold  when  asBociated  wilh  Sulphides  rarely  visible. — 
The  anriferoDB  Iron  Ore,  Jacutinga.  —  Gold-Miuea  ot  S3o  JoSo  d'El-Rei. 
—  The  Morro  Velho  Mine,  Mode  of  Occurrence  of  the  Gold,  Method  of 
Extraction,  Yield,  &c.  —  The  Gongo  Soeeo  Mine.  —  The  Rossa  Grande 
GoW-Mining  Company.  —  Mines  at  Morro  da  Santa  Anna,  Congonhas  do 
Campo,  SHo  Vicente,  Cata  Branca.  ~  The  Gold-Mines  of  Braail  not  yet  fairly 
developed. 

The  gold  of  Brazil  f  occurs  in  the  ancient  nietamorphic 
rocks,  and  in  drift  gravels  and  clays,  and  alluvial  sands  and 
gravels  derived  from  the  wear  of  tJiese  rocks. 

The  eozoic  gneiss  of  tlie  coast-belt  furnishes  gold  at 
numerous  localities  along  its  ■whole  extent.  J    The  mines  of 

*  In  this  chapter  1  bave  not  tried  to  treat  eshnustively  of  this  subject.  I 
have  endeavored  rather  to  present  such  facts  as  will  enable  the  reader  to  obtains 
fair  idea  of  the  mode  of  ocenrrence  of  gold  in  Brazil,  and  of  the  character  of 
the  mines.  A  gi'eat  amount  has  been  written  on  the  gold-Helds  of  Brazil,  but 
it  is  for  the  most  part  lacking  in  sciendtlc  accuracy,  and  much  of  it  has  rather, 
tended  to  obscure  than  throw  light  upon  their  real  structare. 

f  Bor  a  short  and  interesting  sketch  of  the  early  history  of  gold-mining  in 
Minas  Geraes,  see  Barmeister'fl  Relse  in  Brasilien,  p.  590,  "  Zur  Gesehichte  der 
Golduiinen  und  iiirer  ersten  Entdeckniig."  Consult  alio  Von  Eschwege's  Pluto 
Bnxsilieims,  and  Mawe's  "  Travels  in  the  Irdaior  of  the  Bradh."  Spix  aact 
Martius,  St.  Hilaire,  Castelnau,  and  almost  all  wrilera  on  the  interior  of  Brazil, 
have  hixd  more  or  leas  to  aay  ftbout  the  gold-raines. 

%  I  ibink  that  the  auriferous  deposits  occur  in  the  upper  part  of  the  gneiss 
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Jaragu^  in  Sao  Paulo,  of  Canfagallo  in  Rio  de  Janeiro,  and 
of  one  of  the  ti'ibutaries  of  the  Itap^merim,  are  among  the 
most  important  in  tliis  region.  Gold  also  occura  in  tho 
gneiss  of  the  Mucury  Basin  and  in  the  nortli,  as  at  Pianco. 
Over  tliis  whole  region  the  gold  ie  found  ratlier  sparingly, 
and  appears  to  be  derived  from  the  quartz  veins  ti'aversing 
the  gneiss  ;  but  the  only  instance  I  know  of  where  gold  has 
been  exti-acted  from  a  quartz  vein  in  the  gneiss-belt  is  the 
mines  on  tlie  Rio  Bruseua  in  Pai-ahyba.  Witii  this  excep- 
tion mining  haa  been  confined  entirely  to  the  washing  of  tlie 
cascallio  *  underlying  tlae  drift^clays,  and  of  the  gTavela  and 
sands  of  the  rivers.  These  washings  have  all  been  aban- 
doned. Between  the  coast  gneiss-belt  and  the  sea  I  know 
of  no  auriferous  deposits,  but  in  veiy  numerous  localities  in 
the  interior  of  the  country  the  newer  metamorphic  rocks  are 
rich  in  gold. 

The  formations  affording  most  gold  arc  clay  slates  trav- 
ersed by  auriferous  quartz  lodes,  the  itaeolumitc  rock  which 
is  also  veined  with  auriferous  quartz,  and  certain  iron  ores 
variously  known  under  the  names  of  Itabirit«  and  Jacu- 
tinga.')-  All  these  formations  are,  I  believe,  of  lower  Silu- 
rian age. 

In  the  clay  slates  the  quartz  veins  sometimes  show  free 

series.  According  loMr,  Wall,  "  Geolc^y  of  a  Part  ofVenezuela,"  Quart.  Jour. 
Geol.  Soc.,  Tol.  XVI.,  p.  460,  gold  is  found  disseminated  in  gnsiss  near  Valen- 
(ua,  Venezaela,   Gold  occurs  in  the  gneisses  of  the  Itacama  Mountains.   (TSite.) 

*  The  auriferous  cascalho  of  Braai!  ia  quite  a  different  thing  from  the  cascajo 
of  Veneauelft.  The  Spanish  word  has  the  same  dcrivaiioii  as  the  Portuguese, 
but  according  to  Mr.  Le  Neve  Foslcr,  it  is  applied  in  the  Caratal  gold-field  to  a 
decomposed  schist,  on  which  tlie  pHy..diit  rests. 

t  This  terra  ia  derived  from  two  Tnpi  words, — JooJ,  akindof  bird  {Peaehpe), 
and  Unga,  whilfi.  The  name  was  given  to  the  rooli  heeause  of  its  resemblance 
in  color  to  the  feathers  of  the  above  bird.  Sometimes  foreigners  spell  it  jnco- 
^nga,  which  is  not  correct. 
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gold  with  veiy  little  pyrites  associated.  Tlie  auriferous 
quartz  varies  much  in  cliaracter.  Sometimes  it  is  compact 
and  milky,  at  others,  as  at  tlie  Cata  Branca  mines,  it  is  veiy 
granular  and  sugary.  A  specimen  of  vein-quartz  with  gold, 
from  the  mine  of  Sao  Vicente  in  Minas  Geraes  in  tlie 
Museum  of  Comparative  Zoology,  is  composed  for  the  most 
part  of  clear,  colorless  quartz  in  rather  coarse  granules, 
giving  to  tlie  rock,  tlie  appeai-anee  of  a  pure  quartz  sand- 
stone, or  of  white  lump  sugar ;  *  hut  in  tlie  same  specimen 
tlie  quartz  passes  Into  a  more  compact  rock,  which  has  a 
bluish  look. 

In  the  quartz  veins,  as  elsewhere  the  case,  the  rock  is  not 
all  am'iferous,  but  the  gold  runs  in  streaks.  The  Sao  Vicente 
specimen  above  described  shows  well-marked  streaks,  rich 
in  free  gold,  which  appear  to  have  rmi  parallel  with  tlie  side 
of  tlie  lode. 

"Where  the  vein  rock  is  rich  in  sulphides  the  gold  is,  as 
a  rule,  not  visible,  but  intimately  mixed  with  the  rock. 
This  is  Uie  case  at  Mon-o  Velho.  The  sulphides  consist  of 
magnetic  non  pyrites,  which  is  the  most  abundant  and 
yields  a  little  gold  ;  common  iron  pyrites  is  leas  abundant, 
and  gives  more  gold  ;  and  the  mispickel  or  arsenical  non 
pyrites,  which  is  the  principal  gold-bearer. 

Of  tlie  ferruginous  auriferous  deposits  none  is  more  inter- 
esting than  the  so-called  jacutinga  formation.  Heusser  and 
Claraz  f  say  that  the  jacutinga  is  a  pulverulent  variety  of 

*  This  sugary  quarfa  goes  in  Brazil  by  the  name  of  Otcrf. 
t  Heusset  and  Clarasi,  Ana.  des  Mines,  Tome  XVU,  p.  290  :  — 
"  L'itftbirite  est  eimplement  uno  variete  de  far  oligisea  sehiatens  qui  est  ae- 
compagn^  de  qiiitrtz  et  de  mien.    Elle  prirsenta  quelqnetbis  dea  conches  puis- 
SKtitea  et  trfes-^tendues  qui  penvent  Stve  exploitiJes  corame  luinerai  do  fer.   Quaiid 
elli)  Cfl!  pulve'rulpntc,  on  la  dcsigiio  sous  Ic  nora  di^  jamtinija." 
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Itabirite,  a  name  given  by  Von  Escliwege  *  to  a  rock  com- 
posed of  micaceous  specular  iron  ore,  compact  specular 
iron,  rai'ely  laminated,  a  little  oxide  of  iron  and  quartz  dis- 
seminated. It  is  the  rock  of  which  the  Peak  of  Itabira 
and  the  Serra  da  Piedade  are  composed. 

Burton  describes  the  jacutinga  as  follows :  f  "  Tliis  sub- 
stance, of  iron  black  with  metallic  lustre,  sparkles  in  the 
sun  with  silveiy  mica ;  tlie  large  pieces  often  appear  of  a 
dark  reddish  brown,  but  they  crumble  to  a  powder  almost 
black.  The  constituents  are  micaceous  iron-achist,  and 
friable  quartz  mixed  with  specular  iron,  oxide  of  manganese,  J 

and  fragments  of  talc The  floor  rock  at  Cocaes  is 

fine  micaceous  peroxide  of  u'on  (specular'  iron),  thin  and 

tabular Much  of  tlie  jacutinga  is  foliated.  .... 

It  shows  great  differences  of  consistency ;  some  of  it  is 
hard  and  compact  as  haematite,  and  tliis  must  be  stamped 
like  quartz.  In  parts  it  feels  soapy  and  greasy,  not  harder 
than  fuller's  earth ;  it  is  easily  wetted  and  pulverized,  but 
it  is  hard  to  dry." 

Gai'dner  describes  the  jacutinga  as  a  soft  friable  greenish- 
colored,  micaceous  iron-schist.  § 

The  gold  of  the  jacutinga  is  free.  Castclnau  ||  says,  that 
at  Congo  Soco  it  is  always  confined  to  a  little  vein  which 
winds  about  ni  the  rock.     This  is  never  more  than  five  to 

*  "  Icttbirit,  —  Ei&englimmer,  Eisenglanz,  meisl  dichter,  aach  blaltriger,  Wn 
und  wieder  magnetischer  Eiseustein  and  wenig  Quarz  erscheinen  entweder  ala 
fBEtes,  dichtea  Giestein,  Oder  haben  ain  Koraigsehiefriges  Gefiige."  —  Vos  Esoh- 
WBGB,  Geagnoslisdies  Gemalde  not  Brasilien,  SS"*  Seite. 

t  Burton,  Vol.  I.  p,  301. 

{  Cflstelnanfipeakeof  the  occuirence  of  mnngnnese  in  the  jiicntmg.iof  Gongo 

§  Travels  in  Bni?,il,  p.  373. 
!l  Op.  dt.,  p,  2-Hi. 
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seven  millimetres  in  widtli,  and  sometimes  it  is  as  tliin  as  a 
hair  ;  it  contains  much  manganese. 

In  the  gold  region  is  fomid  an  auriferous  superiicial  de- 
posit of  broken  fragments  of  ferniginoua  rocks  cemented 
togefclier,  and  called  TafarJioacanga  or  conga* 

I  hare  already  described  in  previous  chapters  the  mode 
of  occurrence  of  gold  in  the  drift  gravels  and  clays,  and  in 
the  sands  and  gravels  of  the  river  bottoms. 

With  these  introductory  words,  let  us  now  examine  some 
of  the  more  noteworthy  gold-mines  of  Brazil. 

At  Sao  Joao  d'El-Eei  and  Sao  JosS,  situated  a  few  miles 
west  of  Barbacena,  on  the  Rio  das  Mortes,  are  auriferous 
deposits  formerly  worked  for  many  years  with  great  profit. 
In  1830  an  English  company  called  the  "  Sao  Joao  d'Bl- 
Rei  Mining  Company  "  was  formed,  and  these  mines  were 
leased;  but  in  1834  it  was  found  tliat  they  were  unprofit- 
able, and  tliey  were  abandoned.  Captain  Burton  says  the 
gold  was  principally  obtained  from  a  lode,  which  however  he 
does  not  describe.  The  jacutinga  formation  is  said  to  occur 
here. 

The  country  over  a  very  large  area  in  the  vicinity  of  Ouro 
Preto  is  very  auriferous,  and  here  are  situated  tlie  richest 
gold-mines  of  the  empire. 

The  gold  occura  primarily  in  quartz  veins  traversing 
various  metamorphic  rocks,  such  as  ciay-slate,  mica-slate, 
iron-schists,  &g.,  and  also  disseminated  tlirough  the  rock  in 
some  places  ;  and  secondarily  it  is  found  widely  distributed 
in  drift  and  alluvial  sands  and  gravels. 

The  celebrated  Morro  Vellio  mine  is  situated  on  the  west- 
ern side  of  the  valley  of  the  Rio  das  Velhas,  not  far  from 
Sabard.     It  was  long  worked  by  native  miners,  but  on  the 

*  For  a  detailed  lescriptioii  of  this  formntion  see  page  559,  nest  chapter. 
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failure  of  the  mines  at  Sao  Jo^lo  d'El-Rei,  it  was  purchased 
by  the  company  of  that  name,  and  haa  been  worked  with 
remarkable  success  ever  since.  The  gold  is  extracted  from 
a  lode  of  quartz  enclosed  in  clay-slate.  The  following  ac- 
count of  the  vein  and  the  mine,  with  tlie  accompanying 
statistics,  I  extract  from   tlie  work   of  Mr.  Arthur  Phil- 

"  The  formation  affording  the  gold  is  a  strong,  well-defined  lode, 
though  irregular  in  direction,  dip,  and  dimensions ;  its  inclination 
or  underlie  has  also  been  found  to  vary  at  different  depths  and  in 
different  parts  of  its  extent ;  the  vein-rock  is  mostly  composed  of 
quartz,  with  iron  pyrites  disseminated  more  or  less  regularly 
throughout  its  mass,  and  the  lode  is  not  unfrequenfcly  traversed  by 
clay-slate  and  barren  white  quartz.  When  pyrites  is  absent  in 
these  rocks  gold  is  seldom  presentf  In  some  places  the  vein  is 
cavernous  and  less  close  in  its  testiu-e  than  in  others ;  but  where 
drusy  cavities  are  frequent  the  yield  of  gold  diminishes ;  the  most 
productive  matrix  for  gold  is  a  compact  mixture  of  quartz  and 
pyrites,  with  varying  quantities  of  slate.  The  great  metalliferous 
deposit  called  the  Cachoeira,  Bahu,  and  Quebra  Panella,  is  one 
continuous,  very  irregular  vein  vaiying  in  width  from  seven  to 
seventy  feet,  and  at  one  point  reaehing  one  hundred  feet.J    The 

•  J.  Arthur  Phillips,  The  Mining  and  Metallurgy  of  Gold  and  Silver,  p.  82, 
which  Bee  for  additional  information  concerning  these  mines, 

t  "  Arsenical,  magnetic,  and  oirdinary  iron  pyriles  predominate  at  different 
points  and  in  varying  qnanddos  :  carhonate  of  lime,  dolomite  brown  spar,  and, 
very  rarely,  copper  pyrites  are  also  present  in  the  yein. 

}  Burton,  Vol.  II.  p.  S34.  says  :  "  The  breadth  of  the  lode  varies  from  four 
to  sixty  tfeet.    The  general  direetjon  when  ivorked  is  west  to  east  with  north- 


erly  sMiMngs.     The  dip  is  45°,  rising  to  a  maximum  of  46°  30'  or  47°. 

The 

strike  is  from  S.  82"  E.  -  S.  53°  E.    The  cleavage  planes  of  the  kiUas  i 

.rein 

some  places  tra-nsverse  to,  in  others  parallel  with,  the  lode.    In  certain  sei 

;tion3 

of  the  mine  walls  they  bear  N.  36=  E.,  hut  the  average  is  more  easterly. 

The 

/1inv";nn  1.  1    J.RO  1?      anA    flipti.  ilin  iR  ot  dnnlpo  vnrvinir  from  43°  -  70°      . 

(iireciion  15  0.  tiK}^  jl.,  ami  ciieii  uiji  is  hi  nii^icu  vjii  vmg  iium  -t^       *u  .  . 

u  the 
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average  thickness,  176  fathoms  perpendicular  on  the  Cachoeii-a 
and  165  fathoms  on  the  Bahfi,  is  nineteen  feet  The  stoping 
space  extends  over  807  square  fathoms,  ....  the  enclosing  rock 

is  a  clay-ulato  of  tolerably  uniform  texture The  mineral 

brought  to  the  surface  is  first  freed  from  slate  and  other  unproduc- 
tive stone  on  the  spaUing-floors,  and  the  ore,  after  being  brokeu  to  a 

uniform  E«ae,  18  stamped  fine The  stamping-mills,  as  is  also 

the  pumping  and  other  machinery,  are  moved  by  water-power. 
The  pulverized  ore,  issuing  from  stamp  coffers  through  finely  per- 
forated copper  grates,  passes  over  bullock-skins  in  the  first  in- 
stance, and,  lower  down  the  inclined  tables,  over  woollen  cloth. 
The  bullock-skins  are  taken  up  and  washed  in  vats  every  hour,  and 
the  woollen  cloths  at  longer  intervals.  The  subjoined  table  shows 
the  quantities  of  rock  raised  and  stamped,  the  amounts  of  gold 
produced,  and  annual  net  profits  made  since  1868,"* 

The  following  account  of  the  Morro  Vcllio  mines  I  trans- 
late from  Grerber.f 

"  This  company,  after  having  worked  for  some  time  the  gold- 
mines in  the  vicinity  of  Sab  Joao  d'El-Rei,  acquired  the  auriferous 
lands  of  Morro  Velho,  which  since  then  they  have  explored  with 
great  profit  to  its  stockholders,  owing  tiiis  happy  result  not  only 
to  the  richness  of  the  fomaations,  but  especially  to  the  perfection 
of  the  method  of  extracting  the  gold,  and  to  the  great  skill  with 
which  the  establishment  is  regulated.  The  auriferous  lodes  of  Morro 
"Velho  are  in  general  pyrites,  contained  in  argillaceous  schist, 
and  inclined  to  the  southeast,  about  45°.  The  principal  mines 
explored  are  those  of  Cachoeira  and  Bahi5.  The  first  has  in  hori- 
zontal section  a  length  of  1,120  palmos,  a  width  which  varies  from 

BaM  and  8°  in  the  middle  Caclioeira.  Its  clip  vwies  from  8.  S2°E.-S.5S°E., 
and  the  inclination  from  4a''-47'',  but  everywliere  parallel  with  the  stcim." 

*  Tor  a  minnte  Eiccount  of  the  process  of  separating  the  gold  at  Morro 
Vdho,  see  Burton,  VoL  I.  Chap,  XXVI. 

1  No^es  Geographical,  &o.,  de  Minos  Giraes,  1863,  p,  33, 
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leis. 

ISM. 

.». 

1S52. 

»s. 

,«. 

Gold  prodncsd,  pounds  Troy, 
Netpwflt,      ... 

89,004 
a,C83 

67,10e 
04,313 

79,819 
81,629 
3,057 

82,642 
Sl,23fl 
3,323 

85,698 
Be,SM 

86,048 
86,483 
3,464 

i  36,136 

£35,880 

£51,588 

£65,331 

£49,273 

£44,-10 

1855. 

1366. 

16B7. 

1868. 

186B, 

1860. 

Stom™aOMflta!npea,toiis, 
Gold  prodmed,  pounds  Troj, 

Ni^t  profit. 

87,397 

S9,S77 
87,434 
2,992 

86,407 

38.901 
87,270 
2,733 

88,968 
82,880 
3,294 

91,361 
71,528 

iEM,466 

£S2fiS3 

„„ 

£8,515 

i  83,053 

i  60,460 

1861. 

1863. 

,M. 

1864. 

1885. 

1866. 

Stone  and  Ore  stamped,  tons, 
GolJ  produces,  pounds  Troy, 

K^'proat 

Loaa, 

98,612 
71,S02 
6,051 

90,896 
67Ji08 
5,1S2 

84,758 
65,697 

65,435 
02,147 
2,862 

59,607 
4,153 

i 

41 

i  96,769 

£87,631 

"•^ 

.>.,„ 

£80,438 

13  to  85  palmos,  and  it  had  in  Mai'ch,  1861,  a  perpendieular  depth 
of  1,190  palmos,  and  in  February,  1863,  of  1,480  palmos.  The 
mine  of  Baliu  averages  the  same  dimensione.  Both  possess  six 
inclined  planes  for  the  transport  of  the  ore.  la  the  year  1859 
there  were  occupied  in  the  service  of  the  mine  274  free  natives 
and  strangers  and  407  slaves ;  in  all,  681  men ;  among  them  242 
broqueiroa  [blasters],  who  extracted  in  311  workjng-dajs  89,000 
tons  of  ore,  of  which  6,119  were  rejected  as  poor,  and  the  remain- 
ing 82,881  tone  were  stamped  in  6  mills  with  134  hands, 
With  the  breaking  of  the  stone,  in  the  service  of  the  mills 
and  the  amalgamating  establishment,  were  occupied  in  this  year 
0  Europeans,  21  native  men,  and  24  native  women,  79  men-slaves. 
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and  264  women-slaves;  m  all,  387  periions.  The  mean  yield  per 
ton  was  3.9  oitavas.*  The  amalgamation  has  been  made  at  the  rate 
of  70  pounds  of  morcmj  to  the  ton  of  stamped  ore,  aad  the  loss 
cf  mcicury  wis  0  58  tuncce  for  each  cubic  foot  amalgamated, 
which  mtkes  about  Q%  The  total  product  of  the  establishment 
was  in  the  year  referred  to  342,885  oitavas  of  gold,  with  whose 
extraction  wis  mcurred  in  expense  of  115:808  1 067  Eeia  [about 
$58  000  moie  or  less]  i  e  357  Beis  [less  than  20  cents]  per 
Oitava.  Tho  Btato  of  health  of  the  establishment  is  flattering ; 
the  moitahty  in  the  whole  of  its  population  amonnted  during 
1859  to  only  2  76%,  and,  exiludmg  accidental  deaths,  only  to  2.14%, 
a  circumstance  veiy  noteworthy  for  a  population  compMed  for 
the  moat  part  of  miners,  which  proves  the  solicitude  the  super- 
intendency  feels  for  the  welfare  of  its  employees.  The  capital  of 
the  company  subscribed  since  1830  is  £128,400  sterling,  which 
has  during  thirty  years,  up  to  I860,  produced  a  net  income  of 
.£466,874  &s.  Itt,  the  possessions  of  the  establishment  being  worth, 
beside  this,  £100,000.  The  last  dividend  of  the  company  was 
£  2  for  share  of  £  15." 

The  Morro  Velho  mine  is  an  example  of  successful  vein- 
mining  to  a  great  depth.  There  is  no  appearance  of  a  dimi- 
nution in  richness  of  the  ore  in  descending. 

Phillips  states,  on  tlie  authority  of  Mr.  Hockin,  the 
managing  director  of  the  mines,  that 

"The  rock  treated  at  the  Morro  Velho  mine  is  principally  a 
mixture  of  magnetic,  ta^enical,  and  common  iron  pyrites,  finely 
disBeminated  in,  and  intimately  mixed  with,  a  quartzose  gangue. 
The  composition  of  what  is  called  pure  ore  may  be  talten  at  about 
43  per  cent  of  sihca,  and  57  per  cent  of  pyritous  matter.  Of 
these  minerals,  arsenical  pyritea  ia  usually  the  most  auriferous, 
though  it  does  not  occur  in  lai^e  quantities.     Pure  specimens  of 

*  An  oitava  is  7.343  grains  Troy. 
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this  aubatsince  afford  by  assay  from  foiu"  tii  six  ounces  of  gold  per 
ton,  and  wherever  crystals  of  this  mineral  make  their  appearance 
the  yield  of  the  precious  metal  is  large.  Cubical  pyrites  is  of  more 
frequent  occurrence,  but  is  far  less  rich  in  gold ;  solid  apecimeos 
of  this  substance,  but  slightly  mixed  with  quartz,  yield  about  an 
ounce  and  a  half  of  gold  per  ton  by  assay, 

"  Magnetic  pyrites  constitutes  the  largest  proportion  of  the  sul- 
phides found,  but  this  ia  very  slightly  auriferous  since  pure  speci- 
mens generally  yield  rather  less  than  four  pennyweights  par  ton. 
Branches  of  clay-slate  are  often  found  in  the  principal  veins,  and 
root,  by  assay,  affords  from  five  to  seven  and  a  half  penny- 

ights  of  gold  per  ton.  Quartz  without  any  admixture  of  sul- 
phides has  never  been  found  to  be  auriferous,  and  it  is  a  remark- 
able fact  that  the  smallest  speck  of  gold  is  rarely  seen  previous  to 
concentration  in  any  of  the  ores  of  the  mine."* 

Tlie  gold-minea  of  Gongo  Soco  lie  about  twenty  inilog 
east  of  MoiTo  Velho,  on  the  opposite  side  of  the  valley  of 
the  Rio  das  Velhas.  Tliey  were  once  very  productive,  and 
became  famous ;  Weddell  says  that  the  old  miners  once 
took  out  one  hundred  pounds  in  three  hours  !  but  through 
bad  management  the  company  that  worlted  them  failed. 
The  income  of  the  company  during  the  thirty  or  more 
years  of  its  existence  was  £  1,388,416,  of  which  £  375,163 
was  profit,  f 

Gardner  says,  on  the  authority  of  Helmreichen,  that  at 
the  Gongo  Soco  mines  there  is  the  following  succession  of 
rocks  ;  a  bed  of  itacolumite,  underneath  which  is  a  bed  of 
auriferous  jacutinga  fifty  fathoms  thick ;  |  then  a  thick  layer 

«  For  tlie  (letaila  of  the  methoa  of  Ireatment  of  these  ores  at  Morro  Yellio 
see  Phillips,  op.  dt.,  to  which  there  ia  a  fTOndtpiece  representing  the  Morro 
Velho  eslablishmont. 

i  Lieutenant  Moraea  quoted  by  Bnrtovi, 

t  This  section  does  not  tigree  very  well  with  Gas  lei  nan's  lioscription  of  the 
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of  ferraginous  itacolumite,  wit]i  a  dip  of  45°,  lying  on  clay- 
slate,  containing  great  masses  of  ironstone.  Underlying  the 
slates  is  granite.  Castelnau  says  that  these  beds  dip  to  the 
soutli.  The  gold  occurred  free  in  tlie  jacutinga,  and  was 
separated  by  washing.  M.  Weddell*  describes  tlie  Gongo 
Soco  jacutinga  as  black  and  friable  as  coal ;  it  was  said  to 
be  very  soft,  so  as  to  admit  of  being  worked  with  a  pick ; 
blasting  was  unnecessary.  When  the  gold  was  not  visible, 
tlie  ore  was  stamped  and  washed  without  using  mercury. 
When  the  precious  metal  was  visible  it  was  treated  firet  m 
a  mortar,  and  then  washed  in  a  bateia  or  wooden  washing- 
bowl.  The  Gongo  Soco  gold  is  said  to  contain  palla- 
dium,! and  is  deep  yellow  in  color,  Bui-ton  says  that  he 
has  seen  specimens  "  of  a  bright  brassy  tint,  and  sometimes 
dingy  red,  like  worked  unpolished  copper." 

The  Eossa  Grande  Gold-mining  Company  owns  a  tract 
of  land  twenty-one  square  miles  in  area,  not  far  from  the 
mines  of  Morro  Velho.  The  gold  occurs  in  a  mixtui-e 
of  quartz  sometimes  associated  with  iron-ore,  at  others 
witli  arsenical  pyrites,  or  ferric  oxide.  Some  of  these 
ores  are  said  to  be  very  rich,  producing  even  as  much  as 
fifty  oitavas  to  tlie  ton.  Besides  the  vein-rock,  gold  oc- 
curs in  jacutinga,  and  in  alluvial  washings.  Burton  visited 
the  mine,  and  reports  it  as  looking  very  much  like  a 
failure. 

Tlie  Morro  de  Santa  Anna,  where  the  Dora  Pedro  North 

mines :  Castolnan  says  (hat  the  jacutinga  is  ordinarily  only  sixteen  centimetree 
in  thitkness. 

*  Caatalnan,  Hjst  du  Voi/aqe  Tom  I.  p.  243  (Ms). 

t  Tha  gold  of  Brazil  is  always  illoyed  with  silver,  anci  occasionally  wiih 
platina;  somutiniLS  it  uniiins  a  coniidci-able  percentage  of  iron,  when  it  is 
rery  dark  in  color  InJiuni  ind  irid-osmium  occur  in  Ihe  gold-ivastiiiiga  of 
Minas. 
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d'El-Eei  Company  was  eatablished,  is  a  mountain  about  four 
thousand  feet  in  height  above  tlie  sea,  and  some  two  thou- 
sand feet  aboYe  the  neighboring  valley. 

I  give  rhilhps's  description  of  the  geological  structure  of 
this  mountain,  but  I  must  confess  that  it  is  somewhat 
enigmatical :  *  — 

"  The  face  of  the  mountain  is  covered  with  canga,  an  iron  con- 
glomerate, about  four  feet  thicli;  this  ia  auriferous,  and  will 
probably  pay  for  stamping.  Beneath  the  mnga  is  the  first  jaou- 
tinga.  formation,  about  sixty  feet  in  thickness,  containing  veins  rich 
in  the  precious  metal ;  the  jacutinga  partakes  more  of  the  chai-ac- 
ter  of  mica-slate  than  of  iron-sand,  and  the  auriferous  veins  in  it 
are  more  like  ijuartz  than  ironstone.  This  rests  on  a  stratum  of 
hard  ironstone  about  three  feet  in  thickness,  which  is  the  second 
jacutinga  formation,  but  quartz  is  the  predominating  constituent, 
and  rock  ia,  according  to  Captain  Treloar,  a  more  correct  name  for 
it  than  jacutinga.  This  lode  averages  about  four  feet  wide ;  it 
opens  and  contracts,  and  where  it  expands  it  is  generally  found 
most  productive.  Subjacent  to  the  layer  is  a  layer  of  hard  day 
and  mica-slate,  of  about  five  feet  in  thickness,  and  then  comes  the 
rock  formation  which  has  yielded  the  chief  returns  of  gold.  In 
the  present  workings  it  is  about  ten  feet  wide ;  but  in  its  longi- 
tudinal course  it  so  expands  and  contracts  as  to  become  in  some 

places  extinct The  general  direction  of  the  lodes  at  Morro 

de  Santa  Anna  may  be  said  to  be  easterly  and  westerly,  and  their 
underlie  northerly ;  but  both  vary,  owing  to  the  lodes  hugging  the 
contoiu:  of  tbe  mountain." 

Near  Santa  Anna  is  another  mine  called  Maquind, 
worked  by  tlie  company  owning  the  Morro  de  Santa  Anna, 
■which  has  been  abandoned.  Out  of  all  the  gold-mines  of 
Brazil  only  two  have  paid,  —  Morro  Velho  and  Maquin^. 

*  Phillips,  op,  cll.f  p,  85. 
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The  rest  have  failed,  aome  of  them  after  a  more  or  less 
prosperous  career,  and  notoriously  in  most  eases  from  bad 
management  and  an  imprudent  outlay  of  funds. 

At  OongOiihas  do  Oainpo,  Burton  describes  tlie  gold  as 
occurring  "  in  the  pores  and  cavities  of  friable  or  rotten 
quartz  injected  into  greenstone,"  *  and  states  that  "  Mr. 
Luccock  detected  dust-goM  '  among  schist-clays  and  tlie 
other  component  parts  of  the  ground,'  and  the  latter  con- 
tained the  ore  '  witli  equal  certainty,  and  nearly  equal  quan- 
tity, whether  of  the  prevailing  red  hue,  or  any  of  the  shades 
of  brown  or  yellow.'  " 

The  gold-mine  of  Sao  Vicente  belongs  to  the  East  d'El- 
Rei  Company,  wliich  is,  we  understand,  about  to  be  recon- 
structed. The  gold  is  found  in  a  quartz  vein  tliat  strikes 
east- west  with  a  dip  of  28",  and  whose  rock  character  we  have 
already  described.  Burton  says  tliat  "  failure  is  ita  actual 
state,"  but  tliat  "  the  little  lode  may  pay  if  woriied  safely, 
that  is  to  say,  scientifically  and  economically."  A  specimen 
of  the  SSo  Vicente  gold  was  examined  for  me  by  Mr.  Clarke 
of  tlie  Cornell  Chemical  Laboratory  for  palladimn.  There 
was  not  even  a  trace. 

The  Cata  Branca  mines  belong  to  the  Mori'o  Velho  Com- 
pany, and  are  situated  two  miles  east  of  the  village  of 
Corrego  Secco.  Tlic  following  notes  on  the  mines  arc  from 
Bm-ton  t :  — 

"  The  Herra  of  Cata  Branca  trends  where  mined  from  east  of 
north  to  west  of  south.  The  containing  rock  proved  to  be  mica- 
ceous granular  quartz  with  visible  gold,  as  in  California.  The  strike 
was  N.  15°  W.,  and  the  dip  80°  to  85°;  in  some  places  the  stratifi- 
cation was  nearly  vertical,  in  others  it  was  bent  to  the  slope  of  the 

*  Captain  Burton,  Highlands  of  the  Eraral,  Vol,  I.  p.  I7l. 
f  Vol,  I.  p.  1S2. 
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mountiiin,  and  generally  it  was  irregular.  The  lode,  narrow  at  the 
surface,  widened  below  from  sis  to  eighteen  feet,  and  the  greatest 
depth  attained  was  thirty-two  fathoms." 

He  describes  tlie  vein-rock  as  varying  granular  to  compact, 
and  states  tliat  canga  and  jacutinga  occur  here, 

"  The  lode  which  could  not  be  called  a  '  constant  productive,' 
abounds  m  wgk  i,  or  ^  ein  cavities,  tubes,  pipes,  and  branches,  called 
by  the  Brazilian  miner  '  Olboa,'  — eyes,  aurrounded  by  a  soft  ma- 
terial, mainly  running  -vertiovlly,  and  richer  in  free  gold  than  the 
average.  Near  these  pockets,  but  not  disseminated  through  the 
vein,  was  a  small  quantity  of  auriferous  pyrites,  iron  and  avsenicaL 
A  little  flue  yellow  dust,  oxide  of  bismuth,  ran  down  the  middle  of 
the  lode  and  gave  granular  gold.  The  best  specimen  averaged 
from  21.75  to  22  carats,  om;  standard  gold. 

"  The  Santa  Antonio  lode  lay  parallel  with  and  east  of  the  Cata 
Branca.  The  ArSdes  mine,  eight  miles  to  the  southwest,  was  be- 
yond the  peak ;  here  the  serra  is  covered  with  boulders  of  hard 
quartz,  very  numerous  at  the  base  of  the  great  vein.  They  rest 
on  the  common,  soft,  variously  colored  clays  of  the  oovmtry,  and 
are  intersected  with  lines  of  sugary  quartz,  which  gave  a  very  little 
very  fine  gold.  This  formation  extends  far  to  south  and  west  of 
Itabira;  openings  were  made  in  it,  and  one,  the  '  Sumidouro,'  was 
successful  ArMea  showed  also  a  small  formation  of  jacotinga 
containing  red  gold,  sometimes  alloyed  with  palladium  and  accom- 
panied with  oxide  of  manganese." 

Ill  1843  M.  d'Osery,  geologist  of  the  exjiedition  of  Count 
Castelnau,  visited  and  examined  the  Cata  Branca  mine.  He 
reported  *  that  at  the  locality  the  rocks  consist  of  itacolumite 
and  clay  slates  alternating,  and  in  strata  almost  perpendic- 
ular.    He  described  the  auriferous  vein  as  running  nearly 

*  Casfelnan,  Expedition  dans  VAm&i^ae  de  Sad,  Hist,  da  Voi/age,  Tome  I. 
p.  244,    By  a  blander  in  palliation,  pp.  241  -  256  are  repeated  in  this  Toliuoe. 
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north-south  and  traversed  hy  fissures  or  faults  in  which 
the  gold  occurred.  It  was  also  found  in  the  fissures  for  a 
distance  of  two  or  three  pahns  on  each  side  of  tlie  Ime  of 
tlie  faults,  togetlier  with  bismuth.  Sometimes  gold  was 
found  where  the  vein  quartz  came  in  contact  witli  tlie  en- 
closing rock;  tlie  interior  of  tlie  vein  was  veiy  harren. 
D'Osery  thought  that  originally  the  vein  was  composed  of 
pure  quartK,  which  was  afterwards  disturbed  and  the  gold 
and  bismuth  introduced  by  sublimation. 

The  mine  proved  a  failure  because  of  bad  working  and  a 
want  of  economy. 

Gold-washuigs  occur,  as  already  described,  in  almost  eveiy 
province  in  the  empire. 

In  MaranliSo  is  a  mine  belonging  to  a  company  called  the 
Monies  Aureos  Gold-Mining  Company  (limited).  I  know 
nothing  of  it  furtlier  than  that  it  is  said  so  far  to  have 
been  worked  with  but  little  success. 

The  generally  received  opinion  that  the  gold-ndncs  of 
Braail  are  exhausted  is  a  very  great  mistake.  Tliere  are 
still  surface  deposits  of  great  extent  which,  with  modern 
appliances,  could  be  successfully  worked.  Tlie  underground 
wealth  of  the  countiy  is  almost  untouched,*  aud  if  the 
mining  public  of  America  knew  Brazil  better,  I  am  per- 
suaded that  tlie  gold-tields  of  that  country  would  not  be 
ueglected  by  American  capitalists. 

*  In  tlvia  belief  I  am  anppoited  hy  Burton,  and  Liais,  in  treating  of  the  head 
of  the  basin  of  the  S9d  Francisco,  says :  "  Quant  aux  liioiis  pyritcux  qui  abon- 
dent  dans  les  regions  montngneuses  dreonEcrivant  le  basfiin  (In  San  Francisco, 
et  oil  ses  divers  affluents  prennent  leur  source,  ils  Eont  etc  i,  peine  attaqn6s. 
C'est  lii  cependant  que  rSside  lagrande  richesse  anrif  ere  de  la  province  da  Minas- 
Geraea.  Car  c'est  de  la  surface  d^compos^  de  ces  filona  pyriteux  qu'etait  pro- 
venul'orqui  fut  jadis  retire  des  depdts  meubles  "  —  Lp  Saa-Fratia'sco  uu  Br^sit, 
par  M.  LiMS,  Bidl.  de  la  Societe  GeegrajihK,  5°"  SiJrio,  E.  2,  p.  309, 


,db,Google 


RfiSUJlJj;   OF  TUK   GEOLOGY   OF  BKAZIL 


CHAPTER    XIX. 

RESUME   OF  THE   GEOLOGY   OF   BEAZIL. 

Eozoic  Rocks  and  their  Distribution  in  Brazil.  —  Absence  of  Limestones.— 
The  Silurian  Age  in  Brazil.  — Tlie  Anrifevons  Clay- Slates  of  Minas  proba- 
bly Lower  Silnrlan.— Note  on  the  Silurian  of  the  Andes. —  The  Distribu- 
tion of  Marine  Animals  in  the  Palajoaoic.  —  The  Duvouian  Age  in  Brazil 
and  South  America.  —  The  Caiboniferons  of  Brazil  and  Bolivia.  —  The  New 
Rad  Sandstone.  —  The  Cretaceous,  its  Distribution  in  Brazil  and  South 
America-  —  Several  disdnct  Periods  represeotad.  —  Tertiary  Bocks.  —  Drift. 
—  The  Glacial  Phenomena  of  Pati^nia,  —  Tapanboacanga.  —  The  Drift 
of  Eio  and  of  the  Eegion  of  Decomposition-  —  The  Drift  of  the  Dry- 
Region  of  Bahia,  Sergipe,  and  Alagoaa.  —  Examination  into  tho  Merits  of 
the  various  Theories  proposed  W  account  for  the  Formation  of  the  Brazilian 
Drift.  —  Tbe  Theory  of  Subaerial  Decomposition.  —  Wavs  Action  during  ai 
Subsidence,  —  Wave  Action  during  Elevation.  —  All  these  Theories  unsat- 
isfactoiy.  —  The  Glacial  Hypothesis  the  most  reasonable. 

Eozoic.  —  The  gneiss  of  the  province  of  Bio  dc  Janeiro  is 
an  oi'thoclase  variety,  varying  from  schistose  to  coarse- 
grained and  porphyritic,  or  homogeneous  and  granitic ;  so 
far  as  I  have  been  able  to  observe,  it  is  everywhere  stratified, 
and  consists  of  metamorpliic  sedimentary  deposits.  Though 
much  of  the  rock  would  be  described  as  granite  if  seen  in 
tbe  hand  specimen  or  in  a  single  quaiTy,  I  have  never  failed 
to  find  the  large  masses  stratified,  so  that  in  this  work  I 
have  included  all  the  varieties  under  the  general  head  of 
gneiss.  These  rocks  in  tbe  province  of  Rio  are  of  great 
thickness,  and  the  Serra  do  Mar  and  tbe  Serra  da  Manti- 
queira  are  wholly  composed  of  them.  According  to  Pissis 
they  are  divided  into  two  groups,  an  upper  and  lower^  sub- 
divided as  follows :  — 
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Gneiss,  with  numerous  heavy  beds  of  quartzite,  and  an 
Upper.  ■  abundance  of  mineral  veins  which  are  not  found  iij 

the  lower  division. 

1.  Fine-grained  gneiss,  without  garnets  and  with  aom? 

subordinate  beds  of  quartaite  in  coarse  grains  with  a 

X  little  mica. 

Lower,  i 

2.  Gneiss  fine  grained,  very  rich   ill  mica,  and  with  an 

abundance  of  gamete. 

3.  Porphyritic  gneiss. 

On  crossing  the  Mucury  district  I  found  the  gneias,  which 
was  at  first  coarse  aiid  porphyritic,  becoming  finer  on  going 
westward,  and  finally  giving  way  to  lieavy  beds  of  mica- 
slate  or  mica-schistose  gneiss  witli  bands  of  quartz.  Tlie 
same  succession  seems  to  obtain  elsewhere  in  Brazil,  the 
gneisses  proper  being  overlaid  by  mica-slates,  the  older 
rocks  along  the  coast  generally  lying  to  tlie  eastward.  This 
corresponds  very  well  with  what  D'Orbigny  says  of  the  suc- 
cession of  similar  strata  in  Bolivia  and  the  Andes,  where  tlie 
gneisses  are  immediately  overlaid  by  mica-slates.  Elie  de 
Beaumont  and  other  geologists  of  note  have  long  since  sig-^ 
nalized  tlie  gneisses  of  the  Serra  do  Mar  as  among  the  very 
oldest  stratified  rocks  of  the  globe.  The  system  of  upheaval 
of  the  gneiss  of  the  Serra  do  Mar  D'Orbigny  calls  the  Bra^ 
zilian ;  and  Elie  de  Beaumont,  in  his  report  on  tlie  "  ConsidS- 
ratians  g4n4rales  sur  la  GSologie  de  I'AmSrique  viSridio- 
nale"  by  M.  D'Orbigny,*  says  that  this  system  is  one  of  tlie 
oldest  known,  and  that  perhaps  it  preceded  the  soulevement 
of  the  most  ancient  system  of  mountains  hitherto  described 
in  Europe.  It  is  certainly  the  oldest  of  tlie  rock  formations 
of  the  Brazilian  plateau.  When  we  come  to  compare  the 
Brazilian  gneisses  with  tlio  Laurentian  rocks  of  Canada  and 

*  ComplesSendM,  28  Mny,  1843. 
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Europe  we  find  such  strong  resemblance  in  lithological 
character,  and  in  the  system  of  the  upheaval,  I  can  see  no 
reason  why  we  should  not  refer  tliera  to  the  eozoic.  Tlie 
axis  of  upheaval  is  the  same  as  that  of  the  Laurentides. 

In  North  America  heavy  beds  of  Hmestone  are  interstrat- 
ified  with  the  gneiss  of  the  Laurentian,  In  the  Serra  do 
Mar  beds  of  limestone  are  very  rare,  aiid  tlie  thin  bed  I  ex- 
amined at  Pirahy  is  tlie  only  one  I  have  seen  in  tlie  Serra 
do  Mar.  This  contained  only  faint  streaks  of  serpentine. 
Limestones  appear  to  occur  interbedded  with  tlie  gneiss  at 
Cantagallo.  Some  of  the  limestones  of  the  interior  of 
Ealiia  may  belong  to  the  same  series. 

The  absence  of  clay-slates  among  tlie  gneisses  in  Brazil 
recalls  also  the  Laurentian  of  NoiiJi  America.  Tliere  can  be 
little  doubt  that  the  great  mass  of  tlie  gneisses  of  the  coast 
provinces  north  and  south  of  Rio  are  eozoic,  but  tliese  rocks 
have  in  the  northern  provinces  been  so  slightly  examined 
that  it  is  impossible  to  describe  them  with  any  detail,  and 
some  of  the  mica-schists  associated  with  them  may  be  Lower 
Silurian  or  Cambrian.  Along  the  coast  of  the  Province  of 
Eahia  there  are  dioritic  gneisses  in  the  series,  and  on  the 
SSo  Francisco  and  elsewhere  we  find  syenites.  The  study 
of  tliese  old  rocks  in  the  southern  provinces  is  attended  witli 
immense  difficulty,  owing  t-o  the  foi"ests,  the  decomposition 
of  the  surface,  and  the  tliickness  of  the  drift.  But  in  the 
drier  northern  provinces,  where  the  rocks  are  more  exposed 
and  less  affected  by  decomposition,  fliey  may  be  well  exam- 
ined. In  tlie  preceding  chapters  I  have  shown  that  gneiss 
is  found  hi  every  province  of  the  empire.  Not  only  does  it 
form  the  great  coast  belt  extending  from  MaranliSo  to  tlie 
mouth  of  the  Rio  de  la  Plata,  but  it  sends  off  a  band  from 
southern  Miuas  Geracs  into  Goyaz,  and  the  Monies  I'yrc- 
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iieos  and  a  considerable  part  of  the  mountainous  region  of 
Central  Goyaz  are  composed  of  it.  The  same  rock  shows 
itself  ill  the  cataracts  of  the  Tocantins,  the  Xingu,  the  Tapa- 
loa,  the  Aiinos,  and  the  Madeira,  showing  tliat  tlie  table- 
land of  Brazil  la  everywhere  underlaid  by  it. 

In  tlie  present  state  of  our  knowledge  of  tlie  stratigraphy 
of  tlie'iC  locks  it  18  quite  impossible  to  do  more  than  guess 
at  their  thickne'^g,  for  as  in  Canada  and  elsewhere  there  are 
uumerouB  leveised  folds,  and  one  may  travel  for  miles 
over  tlie  surface  of  the  Brazilian  gneisses,  finding  them 
always  highly  inclined,  and  all  dipping  in  the  same  way. 
The  Serra  do  Mar,  where  crossed  by  the  Dom  Pedro  II.  Bail- 
road,  is  a  moQOclinal  ridge,  hut  it  must  be  composed  of 
several  reversed  folds,  else  the  thickness  would  he  enor- 
mous. 

The  highlands  of  Venezuela  and  Guiana  aj'e  largely 
composed  of  gneiss  similar  to  that  of  Brazil,  and  disturbed 
by  the  same  system  of  upheaval  as  has  been  remarked  by 
Humboldt,  D'Orbigny,  Agassiz,  and  others,  and  this  gneiss 
area,  bounding  the  Amazonian  valley  on  the  north,  was 
doubtless  an  island  at  the  opening  of  the  palEeozoic  time. 
The  highlands'  of  Brazil  formed  anoUier  island,  while  the 
Chiquitos  gneiss  region  to  the  southwestward  was  probably 
another. 

Since  the  foregoing  was  written  and  sent  to  the  printer, 
I  have  been  honored  by  a  visit  from  Dr.  T.  Sterry  Hunt, 
who  has  examined  with  care  the  large  suite  of  metamorphic 
rocks  I  brought  home  from  Brazil.  Dr.  Hunt  has  kindly 
furnished  me  with  the  following  note  for  publication  :  — 

"  The  gneisBio  I'ooks  of  Rio  de  Janeiro  and.  the  Serra  do  Mar 
present  the  characteristic  types  of  the  Laurentian  of  North  Amer- 
ica, including  as  they  do  coarse  granitoid  and  porphyritic  yarietios 
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with  red  orthoolase  and  fine^rauied  gray  aud  white  banded  gneisses, 
often  homblendio.  The  white  crystalline  limestone  with  pale  green 
serpentine  which  occurs  with  these  Brazilian  gneisses  is  not  distin- 
guishable from  that  of  the  North  Amei-ican  Laurentian.  The 
fine-grained,  tender  micaceous  and  homblendio  schists,  which  in 
Brazil  succeed  the  gneisaee,  are  very  like  the  similar  rocka  which 
in  aome  parts  of  New  England  and  Acadia  appear  to  follow  the 
laurentian,  and  are  associated  with  stanrotide,  cyanite,  and  chias- 
tolite  slates ;  while  the  auriferous  argillites  and  quartzltes  which 
follow  these  schists  in  Brazil  strikingly  resemble  those  which  in 
Nova  Scotia  occupy  a  similar  stratigraphical  position.  This  triple 
parallelism  in  lithological  and  mineralogioal  character  in  the  rocks 
of  regions  so  widely  separated  is  in  itself  a  strong  argument  in 
favor  of  their  geological  parallelism." 

Silvncm.  —  Notwithstanding  all  that  has  been  published 
by  the  various  geologists  who  have  studied  the  gold  region 
of  Minas  Geraes,  the  exact  succession  of  the  different  mem- 
bers of  the  metamorphic  series  lying  just  inside  of  the  gneiss 
belt  has  never  been  satisfactorily  worited  out.  The  clay 
and  talcose  schists,  tlie  itacolumite,*  itabirite,  and  other  as- 
sociated metamorphic  rocks  of  fliis  region  appear  to  be  lower 
palEBozoic  in  age.  I  have  called  attention  to  the  striking 
resemblance  borne  by  the  clay-slates  and  associated  quartz- 
ites  to  the  gold-bearmg  rocks  of  Nova  Scotia,  and  I  have 
suggested  that  they  may  be  the  equivalents  of  the  Quebec 
group  of  North  America.  The  gold-bearing  rocks  in  Minas 
Geraes  resemble  the  similar  auriferous  series  of  the  south- 
ern Atlantic  States  in  which  itacolumite  occurs. 

*  On  page  H9  I  have  spoken  of  Uie  occnrrence  on  the  Rio  Gavalii  of  n  schis- 
tose quarts  rock  resembling  a  e  mdslont  I  liad  not  a  good  oppoftunitj  of  ex- 
amining the  locality,  and  I  douhted  whether  it  was  a  metamorphic  lork.  A 
fnrther  examination  of  a  Bpetunen  of  tlip  rock  in  company  with  Dr.  T.  S. 
Hnnt  has  proved  it  CO  be  a  true  itacoliimito 
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Clay-slatea  with  auriferous  veins  occur  in  otlier  pai'ts  of 
BrazQ  besides  Minas,  as,  for  instance,  in  Goyaz,  and  in  the 
vicinity  of  Cuiab^  in  Matto  Grosso. 

Uliese  roclis  are  CTerywhere  so  metamorpliosed,  tliat  all 
trace  of  fossils  has  been  completely  obliterated.* 

•  The  Silurian  rocks  of  the  Amies  of  Bolivia  and  Peru  have  been  csamineil 
by  the  English  fe-eologlst,  Mv,  Forebs  (Quart.  Jour.  Geol.  Soe,  Vol.  XVII,  p,  53), 
who  thus  describes  thdr  disuibntion  ;  "The  rocks  which  I  liave  gi'onped  to- 
gether aa  pertaining  to  the  Silurian  epoch  show  themselves  continuonsiy,  or  very 
nearly  bo,  over  an  area  from  northwest  Co  southeast  of  more  than  seven  hundred 
miles ;  and  the  area  occupied  by  them  cannot  be  estimated  at  less  ihsn  80,000  to 
100,000  square  miles.  They  form  the  mountain -chain  of  tlie  high  Andes,  rising 
to  an  absolute  height  of  25,000  feet  above  the  sen,  and,  in  the  part  of  South 
America  more  pardcalaily  the  subject  of  this  memoir,  continuons  through  Peru 
from  the  north  of  Cnsco  over  the  snowy  ranges  of  Carabaya  and  Apollohamba, 
across  the  provinces  of  Munecas,  Lnrecaja,  La  Paz,  YungaB,  Siea-Sica,  Inqni- 
sivi,  Ayopnya,  Cochabamba,  Cliaa,  Misqne,  ChayanCa,  Yampai'ez,  Pocco,  To- 
mini,  and  Cinti  throwing  off  spurs  nlong  the  eastern  side  of  the  main  chain, 
right  through  the  province  of  Caupolican  down  to  the  river  Beni  in  Mojos,  into 
Tnracoros,  Valle  Grande,  Santa  Cruz  and  Chuquisaea,  and  to  the  east  into  the 
provinces  of  Oruro,  Potosi,  and  Chiclias."  The  rocks  consist  of  day-slate, 
shales,  and  graywackes,  and,  —  according  to  Mr.  Forbes,  they  probably  repre- 
sent the  whole  Silnrian  fi'ora  top  to  bottom.  D'Orbigny  had  already  de- 
scribed ten  species  of  Silurian  fossils  finm  the  Central  Andes ;  to  this  list  Mr. 
Forbes  has  added  nineteen  new  species,  described  by  Mr.  Salter  in  his  paper 
following  that  of  Mr.  Forbes.  The  genera  represented  in  the  Andean  Silutiaii 
are  Craieann,  Lingnla,  Orthis,  Graptolithns,  Phacops,  Asaphns,  Boliviana,  Pa- 
tella, Eollerophon,  Area?,  Ctenodonta,  Cacnliella,  Strophomena,  Teatacnlites, 
Beyrichia,  Homalonotus.  Two  species  of  Phacops  described  by  D'Orbigny  are 
doubtful,  being  pcohably  Devonian.  If  we  subtract  these  wo  have  left  only  twen- 
ty-seven species  of  fossils  known  for  the  Andean  Silurian.  In  the  course  of  his 
paper  Mr.  Salter  makes  an  interesting  remark  that  spedes  in  the  Silnrian  had 
a  very  limited  range,  those  of  India,  Australia,  and  Europe  being  entirely  dif- 
ftrent.  On  the  other  hand  the  s]  ecies  of  the  Devonian,  especially  of  the  npper 
part,  had  a  veiy  Hide  rangO  while  the  caiboniferous  types  are  almost  cos- 
mopolitan. I  must  confess  that  after  a  careful  study  of  the  carboniferous 
Bracbiopoda  of  Nova  Scotia  I  am  hirdli  p  opaied  to  go  quiie  so  fnr  as  to 
admit  that  the  Piodieti  fcgm  Boliv  i  ^o^l  Scotia,  Ireland,  and  Belgium, 
thrown  together  under  the  name  ot  to  n  aie  all  the  same  species,  and  I  may 
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This  series  offers  a  large  number  of  crystallized  minerals, 
among  which  are  tlie  topaz,  enclaze,  &c.  The  topazes  of 
Minas  appear  to  be  found  in  the  cascalho  formed  from  the 
debris  of  tlieso  rocks. 

Devonian.  —  Some  of  the  metamorphic  roolis  of  Minas 
Geraes  or  BaJiia  may  be  devonian,  but  I  have  seen  no  rocks 
referable  to  that  age  on  the  coast,  unless  it  be  that  the  slate 
conglomerates,  sandstone,  and  shale,  with  fossil  plants  found 
on  the  Kio  Pardo,  may  belong  to  it.* 

Carboniferous. — There  can  bs  no  uncertainty  abont  the 
existence  of  true  carboniferous  strata  in  Brazil,  for  besides 
the  coal  we  have  an  abundance  of  fossil  plants  of  carbonif- 
erous genera.  The  coal-basins  lie  just  south  of  tlie  tropics, 
but  within  the  range  of  tlie  palm,  and  they  are  a  coast  for- 
mation, corresponding  in  this  respect  to  the  coal-basins  of 
Acadia,  Massachusetts,  and  Rhode  Island.  I  know  of  no 
carboniferous  strata  north  of  Eio  on  the  coast.  It  would 
seem  as  though  the  depression  of  the  coast  which  allowed 
the  accumulation  of  the  coal-beds  of  the  southern  provinces 
had  not  extended  to  the  north.  Tlie  very  slight  disturb- 
ance of  tbo  coal-beds  is  noteworthy,  as  is  also  their  bitumi- 
nous character.f 

say  the  same  of  the  other  Nova  Scotian  Brschiopoda  referred  by  the  distin- 
guished Mr.  Davidson  to  EuTOpean  forms.  Bnt  whether  the  species  were  or 
■were  not  absolutely  cosmopolitan  during  the  carbon iteroiis,  the  reaemblanM 
of  the  marine  animals  was  much  greater  daring  the  carboniferous  than  before 
that  time. 

*  Messrs.  D'Orbigny,  Salter,  and  Torbes  refer  to  the  t[e^■onian  certain  fos- 
siliferous  rocks  of  the  eastorn  plateau  of  Bolma.  See  Forbes,  op.  cii.,  p.  51 ; 
and  Salter,  op.  dt.,  p.  63.  The  Falkland  Islnnds,  described  by  Dnnvin,  are 
composed  of  rocks  probably  belonging  to  the  Lower  devonian.  (Quarterly 
Journal  Geological  Society,  London,  Vol.  II.  p.  267, 1846.) 

t  Carbonifei'Ous  rooks  are  found  in  the  Eio  Gnapoii;,  one  of  the  bvanches  of 
the  Madeira.    The  carboniferous  rocks  of  Bolivia  have  been  studied  by  D'Or- 
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IWcessM.*  —  1  have  referred  to  the  triassic  a  thick  series 
of  red  sandstones,  lithologically  identical  with  the  Ooimecti- 
cut  Kiver  and  New  Jersey  new  red  sandstone,  appai'ently 
barren  of  fossil  remains,  and  which  occupy  a  large  ai'ea  in 
the  Province  of  Sergipe,  underlying  the  cretaceous,  Tlicse 
rocks  are  more  or  loss  inclined.  I  know  of  no  trap  asso- 
ciated with  them. 

Jurassic.j  —  I  have  seen  no  rocks  on  the  Brazilian  coast 
referable  to  this  age.  I  can  explain  their  absence  only  by 
bigny  and  Forbea.    I  estranc  a  short  account  of  these  last  by  D'Archiac,  Ge<>- 


"  Les  roehes  cavboniffeves  de  la  Bolivie,  sitn^ea  ft  I'ouest  des  Andes,  se  ren- 
eontrent,  par  places,  comma  de  patits  liaasins  allongiis  g^ii^alement  dn  S.  O.  au 
N.  E.  siCula  im  milieu  de  la  grande  plaine  quaceruaire  qui  eutonre  le  lac  de 
Titicaca,  se  montrant  aussi  nu  iiord  dn  lac,  et  plus  au  sad  dans  les  provinces 
d'Arque  et  d'Oruro.  Le  poiut  lo  plus  baa  oii  on  les  observe  est  a  3,800  mfetres 
d'altitudeet  on  pent  les  snivrejusqu'a  4,000  et  4,500  mfetrea.  A  I'oueet  du  lac, 
entre  Tiqnina  et  la  Guardia,M.  Forbes  donne  une  idfe  complete  de  la  s^rie  des 
assisea  dispos&s  en  bassin  mnvers^  et  pr^sentant  succ«ssivemeiit  des  plua  an- 
oiennes  aux  plna  recentea  qui  occupent  le  milieu  du  plissement,  des  grfes  blancs, 
dea  cong]oini!mts  et  des  gcfes  rouges,  des  aatgilea  blanches  panaoh^os,  des  cal- 
cairea  en  bancs  ^laia,  bleus  et  jaunes,  dea  argiles  schieteuses  panachees,  un  eal- 
caire  Men  puisBant,  enfin  des  grfes  jaunes  et  blancs."  And  in  a  note  he  saja : 
"  Les  fbsailes  de  ces  assises,  ecudies  par  M.  Salter,  eont ;  Pmdtictta  SeJnirdicU' 
lotus  {P.  Inca  iFOrb.)  P.  loagispinas  {Oapaaii  d'Orb.)  Spirit  Condor,  S.  Bolim- 
ensis,  Alhytis  saUSila,  OrlMs  reaapinala,  O,  Andii,  BhpiehoneJIa  nos.  sp.  Euom- 
pWus  (Ptoicntfinus?),  BeUerophm  vnisin  de  J5.  Vrii,  dea  poljpiers  et  des 
crinoides  itide'termin^s.  Des  provioMs  d'Arque  et  d'Oniro  ont  ^t^  obtenna 
lea  Spirifer  Condor  et  iinaitus,  les  f  ^-oifurfus  Cora,  semireiieiiJiiiis,  Soliin'ensis  et 
POrthis  Andu  " 

»  Ml  M  D  Forbes  refers  to  the  Triassic  or  Permian  a  series  of  red  and 
jallow  aanilstones,  saliferoua  and  gypseons  marls,  clays,  gypsums,  cupriferous 
Bundstones,  and  red  conglomerate  found  in  the  Andes,  hnt  which  contain  no 
determinable  oi^anic  remains.    (Qaart.  Jour.  Geol.  Sob.,  Vol.  SVIL  p.  36.) 

t  Jurassic  rocks  containing  Ammonites,  Terebraialfe,  Spirifers,  and  other 
fossil  charaiten'tics  of  that  epoch  have  been  found  in  the  Andes  by  MM.  Cros- 
niei  Majen,  D'Orbigny,  Darwin,  Domeyko,  Forbes,  &c,  Tliey  extend  from 
Cbih  to  Peru 
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supposing  that  during  the  Jurassic  iJie  coast  stood  higher 
than  at  present.  In  this  respect  tlie  Brazilian  coast  woidd 
resenihle  that  of  Eastern  North  America. 

Cretaceous.  —  The  cretaceous  roclis  of  Brazil  are  un- 
known on  the  coast  soxitli  of  the  Abrolhos,  whieh  islands  I 
helieve  to  be  outliers  of  this  formation.  Properly  speaking 
the  cretaceous  deposits  begin  a  few  miles  soutli  of  the  Bay 
of  Eahia,  and  occur  at  intervals  along  the  coast  nortliwai'd, 
occupying,  at  least  in  several  instances,  separate  basins,  some 
of  whicli  are  fresh-water.  We  find  cretaceous  rocks  in 
Ealiia,  Sergipe,  AlagSas,  Pernambuco,  Parahyba  do  Norte, 
Cear^,  and  Piauhy,  It  is  difficiilt  to  estimate  their  exact 
extent,  because  they  are  largely  covered  up  by  tertiary 
beds.  It  is  very  probable  that  marine  cretaceous  beds  un- 
derlie the  tertiary  deposits  tln-oughout  the  whole  valley  of 
the  Amaaonas,  but  the  only  place  where  they  sliow  them- 
selves, so  far  as  I  can  ascertain,  is  on  the  Aquiry,  an  affluent 
of  the  Eio  Pui'us,  where  they  have  been  examined  by  M. 
Chandler,  as  is  stated  by  Professor  Agassiz.*  I  am  not 
awai'e  that  tliey  are  exposed  anywhere  to  the  eastward  on 
either  side  of  the  vailey. 

Among  the  cretaceous  rocks  of  Brazil  several  periods  are 
represented. 

The  fossil  moUnsks  of  the  fresh-water  beds  of  the  Bahia 
Basin  have  a  very  strong  wealden  look,  but  they  are  asso- 
ciated with  teleostian  fishes  and  other  remains,  which  are 
certainly  cretaceous.  They  evidently  belong  low  down  in 
tlie  series,  and  they  may  represent  tlie  Ni^ocomien. 

Tlie  compact  limestones  at  Maroim  affording  Ammonites, 
Ceratites,  Natlca,  &c.,  are  probably  middle  cretaceous.  Over 
tliese  are  the  flaggy  white  and  grayish  limestones  with  Ino- 

*  Journey  in  Brazil. 
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ceramus,  Ammonites,  fish,  &c.,  apparently  representing  the 
white  challc,  SSnonien.  For  the  fresh-water  heds  at  Eahia 
I  would  propose  the  name  Bahian  group ;  for  the  Maro'im 
limestonea,  that  of  Sergipian  group ;  for  the  flaggy  limestone 
beds  near  Ai'aeaju,  the  Cotinguihan  group,  and  for  the 
Aquiry  beds  tlie  Amazonian  group.  The  cretaceous  of  Bra- 
zil would  then  be  divided  as  follows :  — 

Amazonian  group  (Aquiry)  with  Mosasaunw,  Mceetriehtien,  9 
Cotinguihan  group  witt  Inoceramua,  Ammonites,  ifec.,  Senoaien  ? 
Sergipian  group  with  Ammonites  and  Ceratitea,  middle  erstacsous  ? 
BaMaat  aroup,  Crooodilua,  Pisodus,  species  of  Melania  and  other 
freah-water  ahella,  cyprids,  Ac,  Neocomien  ? 

The  sandstones,  shales,  and  limestones  of  the  Abrolhos 
and  the  lower  SSo  Francisco  I  believe  to  he  cretaceous, 
hut  I  have  no  fossils  by  which  to  determme  their  exact 
age.  Tliey  may  con-espond  in  part  to  the  Sergipian  and 
Cotinguihan  gi'oups.  Those  of  the  Sao  Francisco  are  mud 
and  sand  deposits  instead  of  limestone,  which  accumu- 
lated along  the  coast  elsewhere  in  clearer  water.  It  will 
be  remembered  that  I  have  described  the  limestones  near 
Propria  as  sandy  and  even  pebbly. 

The  cretaceous  rocks  nowhere  form  very  high  hills. 
They  appear  to  have  been  deposited  in  a  shallow  sea,  which 
was  not  deep  enough  to  penetrate  into  the  Sao  Fi'ancis- 
can  valley  above  the  falls.  The  sandstones  above  the 
falls,  described  by  Burton  as  cretaceous,  I  am  persuaded 
will  be  found  to  be  tertiary.  The  cretaceous  rocks  have 
suffered  slight  disturbance,  and  at  tlie  Abrolhos  it  is 
worthy  of  note  that  they  are  associated  with  volcanic  de- 
posits. 

At  the  time  of  the  deposition  of  the  cretaceous,  the  north- 
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ern  part  of  South  America  was  depreascd  more  than  at  pres- 
ent, while  tlie  coast  of  the  southern  provinces  of  Brazil 
seems  to  have  been  higher  thau  now. 

In  speakmg  of  the  cretaceous  of  South  America,  M. 
D'Arohiac,  GSologie  et  PalSoniologie,  p.  624,  says :  — 

"  Nous  avona  fait  voir  que,  d'aprSa  les  recherches  de  M,  H. 
Karsten,  oonfirm^Qa  dapuia  par  cellea  de  M,  Wall,  on  pouvait 
pr^aumer  que  I'^tage  inf&ieur  de  la  craie  tuffeau,  le  gault  et  une 
partie  dii  groiipe  nfiocomien  6taient  represeat^s  dans  le  Venezuela, 
particuliferement  dans  les  cordiUSres  de  M6rida  et  TrusiUo.  Tons 
lea  caloaires  cr^tac^  des  ch^ea  de  ce  pays,  comme  ceus  d«  mSme 
3ge,  que  I'on  suit  jusqu'au  Chili,  sortt  d'ailleurs  entiSrement  noira, 
bitumineux  et  seniblablaa  h,  ceux  dos  graiides  montagnea  de 
I'Europe." 

Tertiary.  —  The  clays  and  ferruginous  sandstone  forming 
the  coast  plahis  outside  the  cordilheira  are  undisturbed, 
and  overlie  the  cretaceous  unconformably.  They  are  over- 
laid by  the  drift-ciays.  which  descend  from  the  cordilheira 
and  cover  their  glaciated  surfaces,  so  that,  though  I  have 
nowhere  found  fossils  in  them,  I  have  felt  justified  in 
referring  them  to  the  tertiary.  The  horizontal  beds  of 
clays,  sandstone,  A:c.,  of  the  Jequitinhonha  and  Sao  Fran- 
cisco valley  are  everywhere  undisturbed,  even  where  they 
closely  approach  tlie  coast  where  the  cretaceous  rocks  have 
suffered  upheaval.  They  resemble  the  coast  beds,  except 
that  they  are  thicker,  stand  at  a  very  much  higher  level, 
and  in  some  eases  form  beds  of  pure  sandstone  and  con- 
glomerate with  limestone  and  iron  ore.  They,  too,  are  cot- 
ered  by  the  driffc-clays.  I  suppose  that  they  are  also  ter- 
tiary, but  older  than  the  coast  clays.  To  the  same  group 
evidently  belong  the  horizontal  dejiosits  of  the  plateau  of 
Sao  Paulo,  similar  strata  occupying  the  upper  part  of  the 
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valley  of  the  Pai'aliyba  do  Sul,  and  the  clays  and  sand- 
stones of  the  elevated  plains  of  tlie  north.  These  heds 
mitst  have  been  deposited  when  the  continent  stood  at 
a  level  full  3,000  feet  lower  tlian  at  present.  The  mate- 
rial -was  evidently  derived  from  tlie  wearing  away  of  the 
decomposed  gneissose  rocks,  and  it  appears  to  have  been 
deposited  rapidly  in  a  muddy  sea,  not  favorable  for  the 
existence  of  life.  After  these  beds  were  deposited  the 
coast  rose  very  uniformly,  and  they  suffered  very  exten- 
sive denudation.  Along  the  coast  outside  the  cordilheira 
there  were  deposited,  probably  in  a  large  part  made  up  of 
the  results  of  the  older  beds,  the  coast  sandstones  and  clays. 
According  to  my  own  obaeiTation  the  upper  level  of  the 
coast  clays  south  of  Bahia  is  always  much  below  the  level 
of  the  lowest  beds  of  the  older  beds.  I  have  never  seen 
them  tie  in  with  one  another,  but  I  strongly  suspect  that  in 
the  ^"icinity  of  Monte  Pascoal  an  outlier  of  the  older  beds 
lies  surrounded  by  the  newer. 

Tlie  stratified  and  loose  sands  and  clays  of  the  Taboleiros 
at  Alagoinhas  appear  to  be  older  than  the  drift.  They  are 
certainly  newer  than  the  Coast  Tertiary  group.  They  need 
much  more  study,  and  I  must  confess  that  there  are  some 
puzzling  points  in  connection  with  them.* 

Brift.  —  In  South  America  from  Tierra  del  Fuego  norili- 
ward,  to  at  least  41°  S.,  glacial  phenomena  have  been 
observed  and  reported  by  Darwin  and  others,  and  these 
phenomena  appear  to  be  identical  with  those  so  well  studied 
in  the  northern  hemisphere.  Drift  occurs  in  the  Falkland 
Islands  (Darwin),  Australia,  and  New  Zealand.  The  An- 
tarctic Continent  is  bmied  in  ice  and  snow.  No  doubt  can 
exist  that  a  drift  period  prevailed  over  the  southern  part  of 

*  Teniary  rocks  arc  foHnd  oyer  large  ai'eas  toth  north  and  soutb  of  Brazil. 
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the  fioiitlicrn  hemisphere.  D'Archiac*  has  already  called 
attention  to  the  fact  that  no  mention  of  either  stride,  fur- 
rows, or  polished  surfaces  has  been  made  hy  those  who  have 
studied  the  drift  of  South  America,  which  seems  very  re- 
markable. He  suggests  that  it  may  be  perhaps  owing  to 
a  want  of  attention  on  tlie  part  of  the  travellers. 

It  is  not  to  be  wondered  at  that,  when  Professor  Agassiz 
claimed  in  1865  to  have  found  glacial  drift  in  the  vicinity 
of  Rio,  scientific  men  were  astonished  and  doubted  the  cor- 
rectness of  the  Professor's  deductions ;  and  when  from  under 
the  equator  he  reported  tlie  discoveiy  of  glacial  moraines 
the  statement  seemed  past  behef. 

In  the  preceding  pages,  in  connection  with  a  careful 
description  of  the  Brazilian  coast,  I  have  noted  with  much 
deteil  the  occurrence  of  certain  surface  deposits  northward 
to  Pernambuco,  at  least,  which  deposits  I  have  claimed  to 
be  glacial  drift.  I  propose  now  in  this  chapter  to  bring 
together  as  concisely  as  possible  all  tlie  facts  bearing  upon 
this  subject,  and  then  to  discuss  them  for  the  purpose  of 
showing  that  no  other  hypothesis  than  that  of  the  glaciation 
of  the  coast  is  sufficient  to  account  for  them. 

Von  Eschwege  describes  a  formation  which  is  known  in 
Minas  Geraes  as  Tapatioacang-a.f     It  consists  of  angular 

•  Geohgie  et  FoUoiitotogk,  p.  719. 

t  VoQ  Esehwege,  in  his  Geoiptosiisckes  GemSlde  vort  Brasiliat,  p.  30,  ^vee  so 
interesdng  an  account  of  the  Taponhoacanga  thnt  I  translate  it  almost  entire- 
He  Bays ;  "  Tliis  rook  is  cotnposec!  of  shai'p-cornereU,  angular,  rarely  slightly 
ronnfled  fiagments  of  micaceous  iion  {eUeagliiamer),  specular  iron,  and  mag- 
netic oxide  of  iron,  held  together  by  a  refl,  yellow,  or  broivn  ochreous  cement. 
These  fragments  are  from  several  linos  to  eight  inches  in  diameter.  It  is 
often  very  nitriferon»,  and  contiuus  sometimes  scales  of  tnlc,  chlorite,  and 
here  and  there  fiagraents  of  itacolnmite.     The  cement  becomes  in  some  places 
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01  ioun(3ed  fngment'^  of  micaceous  iion  and  otliei  lodiS 
(emented  tu^cthei  li;  an  othieous  paste,  ■which  sometimeb 
esibts  without  the  gravel  Thib  formation,  with  a  thickness 
of  fiom  SIX  to  mne  feet,  more  oi  les&,  he  states,  wiaps  tlie 
highest  mountains  lound  aliout  hke  a  nidntle  Tlie  same 
miteiial  is  found  el&ewhere  Mawe,  in  his  description  of 
the  mines  of  Jaiagu^  in  feSo  Paulo,  speaks  of  the  gold  as 

=0  abundant  that  the  embulded  pieces  ore  not  iisibli,  this  then  forms  flja 
tiiiit  fleposits  oi  ltd  uonstone  in  thin  lajei'i  eoiitaiuing  ordiaarilj  many 
iHtle  flnkob  of  roiea  Thio  rock  is  not  only  fiund  in  llie  valleva  and  on 
the  slopes  of  the  monnnins  but  it  covers  then  most  elevated  ndj;es  and 
Sauks  Iihe  a  sort  of  mantle  fkim  lialf  a  ioise  lo  a  toi&e  nnd  a  half  m  thiLk 
neas  [a  tiiso  eqnils  63H5  feet]  it  is  in  general  supeiimposed  upon  the  fer 
rnginons  oihist  and  clay  slate  Thu  most  important  foreign  mineral  depos- 
its fmnl  in  it  are  brown  hcematite  and  iravellite,  whidi  occm  in  consider 
able  masses  neai  Villa  Rica  The  Serra  do  Tapanhoacanga  near  Con 

gonlias  do  Campo  (Pioyince  of  Mmas),  whose  snmmic  rises  to  a  height  of 
4,800  feet,  is  completely  covered,  over  an  area  of  several  miles,  all  the  flank 
of  the  moiantmn  where  Villa  Kica  is  situattd  is  inorusted  with  it,  the  surface 
is  overtnmed  by  the  mining  works.  The  Campo  de  Saiamenha,  uis-a-t-is,  is  as 
if  paved  with  it.  It  is  abundant  along  the  route  from  Villa  Bica  to  Serro  do 
Frio ;  it  is  probably  also  found  in  the  Province  of  Goyaa.  Tapanhaaamga  sig- 
nifies in  an  African  idiom  •  negro's  head ;  the  miners  liave  given  this  name  to 
the  rock  in  question  because  of  its  uneven,  knotty  snrfaee,  which  appears  con- 
cretionary like  an  htematite.  It  is  difficnlt  to  explain  the  origin  of  this  con- 
glomerate. The  angular  fragments,  the  irregnlarity  with  which  they  are  piled 
np  one  on  the  other,  the  manner  in  which  this  rock  covers,  like  a  coat  or  glai- 
ingi  the  top  and  flanks  of  the  mountains,  tend  to  make  one  believe  that  it  is  not 
the  resnlt  of  tbe  rapid  degradation  of  the  ferniginous  mountains  whicli  formed 
only  the  moat  elevated  points  in  the  conntry,  and  of  which  the  peak  of  Itabira, 
the  Serra  da  Piedade,  and  others  are  the  remains,  but  that  it  is  dne  to  the  ex- 
tremely prompt  drying  np  of  the  liqnid,  whidi  sojourned  fbrmerly  on  the  moun- 
tains, and  has  bronght  there  the  fri^Tnenls  which  to-day  cover  them.  These 
conid  not  follow  the  liquid  to  the  bottom  of  the  valleys,  and  were  arrested,  liho 
solidified  lavas,  on  the  midst  of  tbe  slopes.  The  disorder  with  which  they  are 
piled  np  proves  sufiiciently  that  the  deposit  was  not  gradually  made."  Coatel- 
nart  saj-s  that  tbe  canga  is  certainly  of  phitonic  origin  ! 

»  Tills  Is  not  Afrkao,  but  Tupi,  TapiHihmtn  aiamiag  negro,  and  ucanga  lieoa. 
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occurring  in  a  lajer  of  cascallio,  ^ — lie  writes  it  incorrectly 
cascathao, — or  gravel  of  rounded  pehbles,  principally  quartz, 
which  wraps  the  hills  round  about,  and  is  covered  by  a 
sheet  of  soil.  This  surface  depoait  rests  on  gneiss.  At 
Miiias  Novas  the  gold,  as  we  have  already  described,  has 
been  mined  from  a  similar  gravel  composed  of  rounded 
quartz  pebbles,  &c.,  with  a  ferruginous  cement,  and  over- 
laid by  a  similar  bed  of  clay,  the  wholo  resting  on  clay-slate 
decomposed  in  place. 

At  Kio  the  romided  surface  of  the  decomposed  gnei&s  is 
covered  by  the  same  sheet  of  quartz  pebbles  and  overlying 
clays,  and  all  the  province,  except  Uie  flat  alluvial  plains, 
such  as  border  the  coast,  and  whose  elevation  is  usually  less 
than  twenty  feet,  is  covered  with  the  same  deposit  to  the 
tops  of  the  highest  hills  I  have  examined.  The  pebble 
sheet,  it  is  true,  vaiies  in  thickness,  and  in  some  localities  is 
absent,  especially  over  ai'eas  in  which  quartz  veins  are  not 
abundant.  In  some  places  the  pebbles  are  coarse,  in  otliers 
fine,  and  occasionally  we  find  intermingled  witli  them  frag- 
ments of  gneiss,  trap  or  tertiary  sandstone.  "We  find  these 
surface  deposits  everywhere  lying  immediately  over  a 
rounded  surface  of  gneiss,  albeit  tlie  rock  may  be  decom- 
posed to  a  great  depth.  The  pebbles  and  rock  fragments 
are  not  confined  to  tlie  pebble  sheet  alone,  but,  sometimes 
rounded,  sometimes  angular,  tliey  are  frequently  found  in 
tlie  overlying  clay.  Tliis  last  may  vary  greatly  in  thickness 
and  color,  but  the  general  composition  is  very  miiformly 
file  same.  The  whole  deposit  is  everywhere  without  strae- 
ture,  presenting  no  trace  of  stratification.  Tlie  same  layers 
extend  over  the  provinces  south  of  Rio.  To  tlie  northwai'd 
tliey  are  found  all  over  Minas,  I  have  seen  them  covering 
uniformly  the  hills  of  Espirito   Santo,  and   the  coast  of 
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Baliia,  Sergipe,  Alagfias,  and  Pernambuco.  Nortliward  I 
have  myself  not  seen  these  deposits,  but  Professor  Agassiz 
reports  their  existence  in  various  locaUties  on  the  coast 
north  of  Pernambuco,  and  in  the  valley  of  the  Amazonas 
westward  to  the  confines  of  Pern. 

At  Rio,  as  described  by  Professor  Agassiz  in  the  "  Journey 
in  Brazil,"  and  by  myself  in  tlie  chapter  on  Rio  de  Janeiro, 
Uaere  are,  in  the  valley  of  Tijuca^  near  Eio,  and  elsewhere, 
deiMsita  of  immense  boulders  of  trap,  gneiss,  &c,,  which 
are  evidently  morainic  aud  the  work  of  local  glaciers ;  and 
tlie  Professor  has  described  similar  moraines  as  existing  in 
the  Province  of  Cear^.  The  pebble  and  clay  sheet  covers  a 
large  portion  of  the  province  of  Minas,  and  is  found  not 
only  on  the  hills,  but  on  the  campos.  In  the  provinces  of 
Bahia,  Sergipe,  AIag6as,  and  of  the  north  tliero  is,  as  I  have 
deacribed,  a  zone  of  dry  country,  lying  just  behind  tlie  coast 
forest  belt,  and  largely  composed  of  gneiss,  micarslate,  and 
the  like,  over  which  tlie  surface  deposits  consist  of  boulders 
of  rock  of  all  sizes,  rounded  and  angular,  scattered  over  the 
surface,  and  sometimes  piled  up  in  confusion,  witli  very 
little  soil,  the  rock  frequently  being  bare  :  witli  these  occur 
rounded  quartz  pebbles.  The  surface  of  the  gneiss  country 
hi  this  dry  zone  in  Baliia,  as  observed  by  Messrs.  Allen 
and  Nieolay,  and  in  Sergipe  and  AlagSas  by  myself,  is  re- 
markably even,  and  over  large  tracts  foiins  a  plain.  The 
topogi-aphy  is  remarkable  for  shallow  depressions  without 
outlets,  forming  ponds  during  the  rainy  season.  Mr.  Allen 
describes  having  seen  immense  pot-holes  worn  in  the  rocks 
by  the  action  of  falling  water  on  some  of  the  highest  swell- 
ings and  elevations  of  these  plains,  now  far  away  from  any 
obstacle  over  which  water  eonld  be  precipitated. 

Such,  ill  brief,  are  tlie  characteristic  features  of  the  sur- 
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isuce  deposits  of  the  Brazilian  coast,  to  which  I  have  applied 
the  name  of  drift,  I  have  many  times  called  attention  to 
the  rouuded  sm'face  on  -which  tlie  drift  rests,  though  I  have 
nowhere  seen  either  polislied  or  striated  roclts,  which  is 
not  at  all  wonderful,  as  the  surface  of  tlie  rock,  wherever 
I  have  examined  it,  even  where  the  decomposition  was  least, 
as  on  the  Rio  de  Sao  Francisco  below  the  Falls  of  Paulo 
Alfonso,  was  always  more  or  less  decomposed. 

Nowhere  over  the  whole  region  covered  by  the  drifts  do 
we  find  other  water  deposits  tlian  those  clearly  referable  to 
the  action  of  iiveis  or  lakes.  Above  the  old  sea  level  of 
Eio,  Victona,  Bahia,  &o.  there  are  neither  raised  beaches 
nor  any  other  testimony  of  the  action  of  the  sea. 

All  tlii'3  immense  sheet  of  structureless  clays,  gravels,  and 
boulder  deposits  stretchiug  along  the  whole  coast,  and  cov- 
ering alike  the  coast  tertiary  plains,  tlie  elevated  campos, 
and  the  seiias  fiom  bottom  to  top,  belongs  to  the  same  for- 
mation, and  IS  referable  to  the  work  of  the  same  geological 
ageut.  We  have  claimed  with  Professor  Agassiz,  to  whom 
belongs  the  honor  of  the  first  announcement  of  tlie  occur- 
rence of  drift  in  Brazil,  that  that  agent  was  glacier  ice. 
This  hypothesis  has  been  mueb  disputed,  and  many  other 
ways  of  accounting  for  the  formation  of  the  sheet  of  detritus 
have  been  proposed.  Among  tliem  the  most  important  are 
the  following,  the  respective  merits  of  each  of  which  we 
propose  to  examine  in  detail :  — 

I.  Sub-aerial  decomposition. 

II.  Wave  action  acting  over  the  surface  of  the  country 
during  a  slow  subsidence  of  the  coast. 

m.  Wave  action  extending  over  the  surface  during  a 
slow  rise  of  the  land. 

I.   Deeojnposition.  — -  We   have  seen   how  decomposition 
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may,  as  at  Rio  in  the  case  of  trap-dikes,  at  Victoria,  and 
on  tlic  islands  of  the  Abrolhos,  produce,  with  tlie  aid  of 
rains,  not  only  a  soil,  but  boulders  of  decomposition,  which 
may  be  rounded  or  angular,  and  resemble  drift  boulders 
SO  closely  as  to  make  it  exceedingly  difficult  to  distin- 
guish them  from  erratics.  One  can  easily  conceive  how, 
in  the  gradual  decomposition  of  a  bare  surface  of  rock, — 
gneiss,  for  example,  —  as  the  rock  wasted,  the  resulting 
clay  and  sand  may  be  washed  away,  and  spread  over  the 
surface  of  the  soil  on  the  lower  grounds.  Such  is  indeed 
the  case,  and  one  sees  at  the  foot  of  the  gneiss  precipices, 
not  only  at  Eio,  but  elsewhere,  a  soil  of  this  kind.  It 
closely  resembles  the  drift,  but  is  more  washed,  tlie  sandy 
portion  remaining  near  tlie  foot  of  the  precipice,  while  the 
muddy  part  is  carried  fai'ther  off. 

Where  the  surface  of  a  lull  is  very  uneven,  unfurnished 
with  soil,  and  sti'ewn  mth  blocks  of  rock,  as  in  the  dry  zone 
of  Bahia,  and  the  SSo  Francisco,  one  may  readily  see  how  by 
decomposition  a  structareless  soil  might  be  fonned  covering 
the  surface ;  but  there  are  a  few  facts  which  make  this  whole 
hypothesis  of  the  formation  of  tlie  drift  of  no  value.  In 
bluffs,  natural  or  otherwise,  in  the  vicinity  of  Rio,  as  well  as 
in  tlie  cuttings  on  the  Dom  Pedro  Segimdo  and  Cantagallo 
railways,  and  on  the  UniSo  e  Industria  road,  and  in  the 
Mmas  Novi^  region,  one  may  see  a  great  thickness  of  the 
surface  deposit  lying  on  rock  decomposed  in  situ,  and  lying 
undisturbed  on  the  solid  rock.  Though  in  old  excavations 
it  is  very  difficult,  in  any  fresh  cutting  it  ia  the  easiest  thing 
in  tlie  world  to  point  out  the  line  of  separation  between  the 
surface  detritus  aud  tlie  decomposed  rock,*  which,  by  the 
by,  may  have  only  the  very  tliinncst  coating  of  clay,  or  may 
*  This  line  is  showu  in  the  enpravinj;;  on  page  508. 
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be  bare.  The  distinction  between  this  drift  and  the  de- 
composed roclt  is  of  the  sliarpeat  kind.  The  surface  deposit 
is  without  stmcture,  and  has  the  same  appearance  that  the 
decomposed  roclt  below  wonld  have  if  it  were  ground  up, 
and  Ultimately  mixed  together  without  washing,  while  in  a 
mass  of  the  decomposed  rock  one  sees  tlie  relative  arrange- 
ment of  tlie  materials  preserved  undisturbed,  with  the  quartz 
veins,  &c.,  in  place.  The  veins  invariabl}'  terminate  ab- 
ruptly at  the  line  separating  the  decomposed  rock  from  the 
overlying  deposit. 

One  never  sees  a  quartz  vein  traceable  through  the  clays, 
as  it  certainly  would  be  if  these  had  resulted  from  decom- 
position alone.  The  clay  is  usually  remarkably  free  from 
quartz  pebbles  or  boulders,  and  one  rarely  sees  even  a  peb- 
ble on  tlie  SEi'face  of  the  ground  in  the  gneiss  regions  near 
Eio,  which  would  certainly  not  be  the  case  if  it  were  simply 
a  product  of  decomposition.  .  Tlie  greatest  objection  to 
the  theory  muler  discussion  is  presented  by  the  sheet  of 
rounded  and  angular  quartz  pebbles,  for  that  could  never 
have  originated  through  decomposition.  It  is  evideufly  the 
result  of  mechanical  action  of  some  kind,  and  I  am  con- 
vinced tliat  we  must  refer  the  overlying  clay-sheet  to  the 
same  cause.  It  is  evident  that  the  agent,  whatever  it  was, 
that  rounded  the  pebbles  and  ground  up  tlie  clays  must 
have  had  some  part  to  play  in  the  moulding  of  the  country, 
though  it  is  to  erosion  and  decomposition  tliat  I  should 
attribute  the  broader  topograjjhical  features  of  the  coast, 
and  I  would  refer  to  the  agent  that  formed  the  drift  the 
moulding  of  the  actual  surface  on  which  the  superficial 
deposits  now  rest. 

Let  us  now  discuss  the  mciits  of  the  hypothesis  that  the 
surface  detritus  has  been  the  result  of  water  actum,  and 


d  by  Google 


GEOLOGY  AND   PHYSICAL   GEOGRAPHY. 

!  the  two  theories  of  wave  action  brought  to  bear 
over  the  country  during  a  gradual  rise  of  the  land  from 
tho  sea,  and  of  similar  action  exerted  in  lilie  manner  over 
the  country  dm-ing  a  subsidence. 

11.  Wave  Action  during  a  Rise  of  the  Land.  — It  has  been 
suggested  that,  in  a  rise  of  the  land,  wave  action  brought  to 
bear  over  the  sui-face  might  leave  a  coating  of  loose  mate- 
rial similar  to  the  drift  strewn  over  the  whole  country,  but 
I  must  confess  tliat,  even  for  a  single  isolated  hill,  I  can- 
not see  how  this  theory  would  have  tlie  slightest  weight, 
for  it  could  never  produce  an  ari'angement  of  the  materials 
such  as  actually  exists.    Suppose,  for  instance,  that  we  have 


a  liill  a  few  hundred  feet  in  height,  and  which  is  rising. 
At  a  certain  time  the  sea  level  is  found  at  «,  so  that 
the  waves  will  wash  the  hill-top.  No  one  who  has  been 
on  the  sea- shore  will  doubt  that  the  ciTect  will  be  to 
i  the  finer  materials,  and  carry  them  off  to  be  de- 
l  somewhere  in  quiet  water ;  and  this  is  the  nat- 
ural effect  of  the  sea  where  it  breaks  agauist  a  slope  or 
over  a  ridge.  It  may  be  that  on  the  sides  of  the  moun- 
tain these  materials,  if  in  sufficient  abundance,  may  be 
deposited,  and  we  will  suppose  that  they  are  so  depos- 
ited at  e,  but  on  steep  slopes  we  should  not  expect  to  find 
them.  Gravels  and  sands  would  be  washed  by  the  waves 
into  deeper  water,  but  could  rest  only  on  gentle  slopes.  If 
the  slope  from  c  to  e  were  twenty  or  more  degrees,  and 
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the  land  should  rise  gradually  so  as  to  bring  wave  action  to 
beai'  successively  over  that  slope,  we  should  expect  to  find 
tlie  X'ock  surface  swept  quite  clean  of  loose  materials,  only 
sand  and  gi-avel  being  tlirown  beyond  the  reach  of  tlie  waves 
into  hollows  or  flat  places  on  the  rocks ;  and  it  seems  to  me 
that  the  result  of  such  a  rise  would  he,  even  if  tliere  were 
already  a  coating  of  decomposed  rock  on  the  surface,  only 
to  wash  it  over  and  gully  it  out  on  tlio  hill  tops  and  sides, 
if  it  were  deep,  and  cover  it  with  sand  and  gravel,  or  to  re- 
move it  entirely,  leaving  the  hill  tops  and  sides  bare,  the 
loose  materials  being  transported  into  the  valleys,  and  there 
left  as  stratiiied  deposits ;  and  not  only  in  the  valleys,  but 
upon  flat  places  on  the  hill-sides,  should  we  expect  to  find 
such  deposits.  Now  we  find  nothing  of  the  sort.  Asso- 
ciated with  tlie  drift  are  neitlier  sands  nor  stratified  deposits 
of  aiiy  kind.  Besides,  this  hypothesis  does  not  touch  the 
question  of  the  fonnation  of  the  great  angular  and  rounded 
boulders  unassociated  with  sands  strewn  over  the  dry  zone, 
nor  does  it  explain  the  transport  of  boulders  over  an  iiTeg- 
ular  surface.  The  tendency  would  have  been  to  sweep  the 
hill-tops  and  the  steeper  and  seaward  slopes  bare,  which 
is  not  the  case. 

III.  Wave  Action  during  a  Subsidence.  —  The  hypothesis 
of  the  action  of  waves  over  the  country  during  a  slow 
subsidence  of  the  land  is  equally  untenable.  On  a  gentle 
slope  sands  and  gravels  would  be  fonned,  and  perhaps 
deposited  immediately  upon  the  rock,  and  this  sheet  one 
might  suppose  drawn  up  like  a  cui-tain  over  the  hills  as 
tlie  land  sank.  Tlie  lighter  materials  settling  in  deeper 
water  might,  at  the  same  time,  fonn  a  sheet  drawn  up 
over  tlie  first,  so  that  we  might  have  the  sui-face  covered 
by  a  sheet  of  sand  and  pebbles  and  over  this  a  sheet  of  clay. 
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But  vi'G  have  the  pcbblo  sheet  unaccompanied  by  washed 
Bands,  which  is  something  incomprehensible  under  this 
hypotliesis,  and,  what  is  of  more  importance,  we  iind  them 
lying  on  slopes  so  steep  that  it  would  be  impossible  for  them 
to  remain  unless  supported  by  the  weight  of  the  overlying 
clay.  It  is  incomprehensible  how  water  could  have  fonned 
these  deposits  without  at  the  same  time  laying  down  sti'ati- 
fied  beds  of  sand,  gravel,  &c.  iu  the  vaUeys,  or  of  leaving 
sand  deposits  on  the  plains.  It  is  impossible  tliat  the  sea 
should  have  been  without  currents  and  witliout  tides,  and  the 
inevitable  effect  of  tlieir  action  would  be  to  sweep  away  the 
lighter  material  and  deposit  it  along  the  shore.  In  the  ter- 
tiary beds,  not  only  of  the  coast,  but  of  the  interior,  we  have 
an  example  of  a  sandy  deposit  rapidly  thrown  down  in  a 
muddy  sea,  and  which,  besides  sand,  contains  a  very  large 
percentage  of  clay,  passing  even  mto  pure  white  clay ;  but 
nowhere  is  it  difficult  to  distinguish  tliese  tertiary  deposits 
from  the  drift.  Tlie  tertiary  clays  were  the  products  of 
the  destruction  of  gneiss  and  otlier  metamorphic  rocks, 
and  so  was  the  drift,  but  in  the  former  the  material 
has  been  washed,  though  rarely  ever  arranged.  The  mica 
has  been  completely  destroyed,  and  one  sees  nothing  of 
it,  while  in  the  drift-earth  it  is  constantly  to  be  found. 
One  would  expect  that,  if  the  Brazilian  drift  were  a  sedi- 
mentary deposit,  the  clays  would  resemble  those  of  the  ter- 
tiary, which  is  nowhere  the  ease.  They  are  everywhere 
just  such  a  material  as  would  result  from  tlie  mechanical 
trituration  of  tlie  rocks,  and  are  wholly  without  sti-atifica- 
tion  or  signs  of  having  been  deposited  by  tlie  action  of 
water.  There  has  been  within  recent  times  a  slow  eleva- 
tion of  the  Brazilian  coast.  In  sheltered  as  wcU  as  exposed 
situations  the  deposits  which  it  has  brought  above  the  sur- 
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face  consist  of  sand ;  gravels  and  clays  are  exceedingly 
rai-e  along  the  exposed  coast.  Nowhere  in  river,  lake,  or 
sea  deposits  have  I  ever  seen  on  tlie  Brazilian  coast  any- 
thing resembling  the  drift-clays.  I  have  studied  with  care 
the  efifect  of  flie  action  of  the  sea  on  the  solid  rocks  of 
all  kinds  along  the  coast,  with  the  view  to  ascertain,  if 
possible,  whether  the  peculiar  evenly  moulded  surface  cov- 
ered by  the  drift  could  in  any  way  he  due  to  water  action 
joined  to  tlie  effects  of  decomposition.  Where  the  rock 
is  gneiss  and  very  homogeneous  in  structure,  and  not  well 
bedded,  as  is  the  case  in  the  range  of  hills  skirting  the  sea- 
shore on  both  sides  of  the  entrance  to  the  bay  of  Rio,  the 
rocks  swept  by  the  waves  may  have  a  very  smootli  and  reg- 
ular' outline,  hut  where,  as  on  tlie  shores  near  Bi5a  Viagem 
at  Bio,  Os  Buses,  Ilh^os,  or  Baliia,  the  rock  is  well  bedded 
and  the  strata  are  very  highly  inclined,  the  softer  beds  give 
way  first  and  leave  the  harder  projecting,  and  the  rocks 
within  reach  of  the  waves  ai-e  worn  in  the  most  irregular 
manner.  Now  I  do  not  see  how  we  can  resist  tlie  conclu- 
sion that,  if  tlie  surface  clays  and  gravels  were  the  products 
of  wave  action,  we  ought  to  find  the  surface  of  the  rock  on 
which  they  rest  showing  some  signs  of  that  action  in  tlie 
wearing  away  of  the  softer  beds,  leaving  the  harder  stand- 
ing up ;  but  this  is  never  the  case.  Tliere  can  be  no  transi- 
tion more  abrupt  than  that  from  a  wave-washed,  rock-bound 
shore,  and  the  smooth,  even  outlines  of  the  hills  aboi-e  tlie 
line  of  wave  action.  Take,  for  instance,  tlie  coast  between 
the  lighthouse  at  Bahia  and  the  Morro  do  Conselho,  which 
is  to  a  large  extent  rocky,  and  examine  tlie  moulding  of  the 
rocks  washed  by  the  Atlantic  surf,  and  tlien  compare  it  with 
the  moulding  of  the  rock  on  the  aeawai'd  side  of  any  of  the 
exposed  hills,  where,  if  washed  by  the  sea,  the  rock  would 
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have  been  subjected  to  the  pounding  of  the  same  surf,  and 
you  will  be  convinced  tliat  the  moulding  of  the  drift-covered 
i-Qck-surface  was  due  to  an  agent  that  did  not  respect  so 
tliorouglily  the  difference  in  hardness  between  tlie  beds  as 
water  does.  It  is  useless  to  suppose  that  the  sea  might 
have  washed  against  a  decomposed  surface  which  might 
have  been  rounded  down  by  the  surf.  Tlie  wash  of  tlie 
waves  would  have  removed  it  entirely.  The  rounded  wave- 
washed  rocks  on  tlie  shores  of  Kio  are  bare,  and  it  is  incon- 
ceivable how,  in  tlie  face  of  the  tremendous  Atlantic  surf, 
they  could  ever  be  covered  by  detritus  by  wave  action,  as 
all  the  hills  lying  along  the  coast  of  Bahia  and  Kio  inva- 
riably are.  Along  the  coast  where  decomposition  prevails, 
from  the  wetness  of  the  climate,  the  clays  ai-e  very  abun- 
dant, and  it  is  a  rare  thing  to  find  boulders  of  any  other 
rock  than  quartz ;  but  in  measure,  as  one  goes  inland  and 
approaches  the  dry  zone,  as  is  beautiiully  seen  on  the  SSo 
Francisco,  the  clays  grow  less  abundant  while  the  pebble- 
layer  gradually  passes  into  a  sheet  of  boulders  of  rock  scat- 
tered over  the  surface  with  little  admixture  of  earth.  Tlie 
rock  bcuig  of  the  same  general  character  over  lai'ge  areas, 
it  is  usually  a  difficult  matter  to  decide  whether  a  boulder 
is  ti-avelled  or  not ;  *  but  I  have  seen  at  Piranhas  syenite 
boulders  lying  on  gneiss,  tliongh  evidently  coming  from  not 
far  away,  and  I  hare  seen  gneiss  and  quartz  boulders  lying 
in  the  clays  on  the  tertiary  plain  on  tlie  Mucury.  I  have 
already  called  attention  to  the  intermistm-e  of  greenstone 
and  gneiss  boulders  of  immense  size  in  tlie  valley  of  Tijuca, 
occupying  situations  into  which  water  could  not  have 
brought  them,  and  into  which  they  could  not  have  fallen. 

*  This  is  nn  important  point  to  bear  in  mincl.     The  geology  of  Brazil  is  so 
very  simple  that  we  find  the  same  kind  of  rock  over  immense  arcaa . 
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No  one  seeing  the  bouMer-scatteroii  surface  of  Bahia  and 
the  Sao  Franciaco,  where  the  decomposition  is  exceedingly 
slight,  would  ever,  I  am  persuaded,  seek  for  an  explanation 
of  tlie  distribution  of  these  masses  over  the  surface  in  run- 
ning water  or  wave  action,  which  last  would  have  been  pow- 
erless over  so  unifoiinly  level  a  surface.  I  must  insist  upon 
the  fact  that  the  lanarranged  materials  are  precisely  like  our 
unmodified  drift  in  the  north,  and  that  tlie  surface  of  the 
rock  on  which  they  lie  has  the  moulding  of  the  surfaces  on 
which  our  northern  drift  lies,  and  that  if  we  refer  the  north- 
em  drift  to  the  action  of  glacier  ice,  we  must  do  the  same 
thing  for  the  Brazilian  surface  detritus,  contrary  as  it  is  to 
all  our  preconceived  opinions  of  the  distribution  of  drift. 
The  fact  that  neither  Professor  Agassiz  nor  myself,  nor 
any  one  else  of  our  expedition,  has  been  able  to  discover 
glacial  stride  in  Brazil  is  of  very  secondary  importance.  The 
drift  itself  exists  all  over  the  country,  and  it  cannot  be 
explained  away.  I  have  looked  carefully  for  stride,  but 
there  has  been  everywhere  enough  decomposition  of  the  sur- 
face of  the  rock  as  well  as  of  the  boulders  scattered  over  it 
to  have  destroyed  all  trace  of  them.  Once  I  thought  I  had 
found  strife.  On  the  Dom  Pedro  Segundo  Railroad,  near 
Mendes,  while  engaged  in  making  an  examination  of  the 
cuttings,  I  found  one  in  which  the  drjft-clay  had  been 
removed  from  over  the  decomposed  gneiss,  exposing  the  gla- 
ciated surface.  This  appeared  to  be  quite  fresh,  and  to  my 
surprise  was  deeply  furrowed  with  parallel  stnEe.  I  took 
pains  to  inquire  of  the  engineers  of  the  road,  and  learned 
that  the  drift  had  slid  off  from  the  upper  part  of  the  cutting, 
which  was  a  suificient  explanation.  I  spealt  of  tliis  only  in 
order  to  put  other  observers  on  their  guard  against  being 
deceived  by  any  similarly  striated  surfaces,     I  can  offer  but 
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one  explanation  of  the  formation  of  the  pot-lioles  ohserved 
by  Mr.  Allen,  and  that  is  that  tliey  were  formed  hy  glacial 
cascades  in  tlie  same  way  as  the  pot-holes  seen  so  often 
on  the  surface  of  ridges  in  the  north  have  been  formed 
during  the  drift ;  for,  according  to  the  testimony  of  Mr, 
Allen,  the  pot-holes  of  the  Province  of  Baliia  occur  on, 
tlie  gneibs  plains,  fai  away  from  any  present  obstacle  over 
winch  the  water  may  ha\e  flowed.  Mr.  Allen  describes 
them  as  bemg  exceedingly  well  preserved,  and  having 
smooth  sides 

The  drift  is,  as  above  stated,  removed  everywhere  down 
to  tlie  limit  of  wave  action  before  tlie  later  elevation  of 
the  coast;  but  the  occurrence  of  the  diift  on  some  out- 
lying hillocks  of  the  tertiary  clays  on  the  line  of  tlie  exten- 
sion of  the  Cantagallo  Railroad,  between  Porto  Novo  and 
Porto  das  Oaixas,  which  ai'e  now  surrounded  by  recent 
sands,  made  me  suspect  that  the  clay  was  once  continuous 
below  the  present  sea  level  between  them  and  tlie  main- 
land. The  fact,  too,  tliat  it  extended  uniformly  down  to 
tlic  same  level  everywhere  was  almost  sufficient  proof  that 
it  formerly  extended  to  a  much  lower  level.  At  Bahia,  as 
already  described,  recent  sands  blown  or  washed  over  the 
drift  have  been  cemented  and  have  protected  it  from  tlie 
action  of  the  sea,  so  tliat  it  may  bo  seen  extending  beneath 
them  down  nearly  to  low  tide.  This  fact  seems  to  prove 
satisfactorily  that  formerly  the  land  stood  at  a  higher  level 
even  than  now.*  Drift  occurs  on  some  of  the  islands  off  the 
coast. 

•  Prom  the  observationa  of  DarwLn  and  others  we  know  that  this  recent 
iipriao  hH9  been  nrach  greater  in  the  sonth  than  in  the  north,  and  it  seems  to 
.  increase  in  going  south  from  Eio  to  the  Straits  of  Magellan.  It  ivoiiH  seem 
that  the  gi'cnt  movements  just  antecedent  nnd  posterior  to  the  drift  period  in 
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I  believe  that  during  the  time  of  tlie  drift  tlie  country 
stood  at  a  mucii  higher  level  than  at  present,  and  that  it 
■was  covered  by  a  general  glacier.  Over  tlie  coast  region, 
where  decomposition  of  the  rocks  had  largely  obtained,  and 
■where  tlie  surface  of  the  rock,  rendered  even  by  this  agent, 
had  been  covered  by  a  tliiok  layer  of  loose  material,  the 
glacier  reworked  this  loose  material,  and  when  it  disappeai-ed 
left  it  as  a  paste,  m  which  the  harder  materials,  such  as 
fragments  from  quartz  veins,  tfec,  more  or  less  rounded,  were 
embedded.  The  layer  of  quartz  pebbles  underlying  tlie  paste 
appears  to  have  consisted  of  coai-ser  fragments  borne  along 
by  tlie  bottom  of  the  glacier,  while  tlie  paste  seems  to  have 
been  more  or  less  distributed  through  the  body  of  the 
glacier.  A  glacier  moving  over  the  gneiss  regions  of  Rio 
or  Bspirito  Santo  to-day  would  find  few  loi^e  rocks  to  trans- 
port, for  the  precipices  are  smooth  and  unbroken,  and  little 
falls  from  them,  so  that  one  could  not  expect  to  see  mo- 
raines of  coarse  materials  formed  by  the  glaciers  of  that 
region,  and  if  tlie  ancient  glaciers  moved  over  a  country 
whose  surface  was  decomposed,  it  is  not  wonderful  that  the 
drift  consists  of  paste  wifli  but  few  boulders.  On  the  con- 
trary, over  the  dry  zone  tlie  chffs  are  ragged  and  broken, 
and  tlie  rock  surface  is  apt  to  be  broken  up,  and  we  should 
expect  to  find  over  such  a  region  drift  of  a  different  char- 
acter fi-om  that  wliich  obtains  over  the  moist  coast  region, 
and  resembling  more  closely  the  drift  of  North  America. 

In  the  drift-paste  I  have  never  seen  the  shghtest  trace  of 
organic  remains  of  any  kind. 

Pod-Tertiary.  —  To  this  epoch  belong  tlie  cavern  depos- 

South  Aniericii  have  ravLt;sponded  with  those  of  Korlh  America  daring  the 
same  period.  In  North  America  ths  ogcilladon  of  level  was  grealer  in  the  north 
thau  in  the  sunth ;  in  Soafh  America  it  was  just  the  reverse. 
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its  ii!  Miiias  Geraes,  affording  the  remains  of  Mastodon, 
Mcgathei-iura,  &o.,  and  the  lagOa  depoaita  on  the  borders  of 
tlie  Rio  de  Sao  Francisco  already  described. 

Recent.  —  To  recent  times  belong  the  sands  containing 
recent  shells,  &,c.,  exposed  by  the  late  uprise  of  the  coast, 
the  solidified  beaches,  rock  reefs  of  Pernambuco  and  else- 
where, Uie  coral  reefs,  the  peat  deposits,  and  the  alluyial 
beds  of  the  rivers  and  lakes. 
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OS  THE  BOTOCUDOS. 


Origin  of  the  NameBotoeudo,  ~  Stature.  —  Physical  Form  and  Charaeteriatica. 

—  Manner  of  Wearing  Hair.— Lip  and  Ear  Ornamenta.— ProfuBBOc  Wjmim's 
Description  of  Sltull  of  Botocndo  from  Sau  Matheos.  —  Comparison  with 
other  ilescrihed  Botocndo  Sliulla.  — Color  of  Bolocndo, —Manner  of  Paint- 
ing the  Body.  —  Dislilie  to  lieing  clothed.  —  Bows  and  Arrows  described.  — 
Gerber's  Enumeration  of  the  Tribes.  —  Von  Tschwdi's  Description  of  the 
Tribes.  —  Kanchoa  and  Hilts.  —  Food.  —  Mode  of  procuring  Fire.  — Manu- 
faetni'es.  —  Mamage  Customs.  —  The  Bolocudoa  crnel  Husbands.  —  Fa- 
wlity  with  which  Wonnds  heal.  —  Treatment  of  Children.  — Iteligions  Ideas. 

—  Belief  in  the  Bad  Spirit,  Janchon.  — No  Belief  in  a  Supreme  God.— 
Burial  Caatoms.  —  War  Customs.  —  Cannibaliam.  —  Dance.  —  Tlie  Boto- 
cndoB  fast  disappearing,  — Botocudo  Character.  —  Geographical  Distribution 
of  tlie  Botocudos.  —  Peculiarities  of  their  Language,  Pronunciation,  Gram- 
matical Structure,  &c.  —  Botocudo  Vocabulai'lea. 

No  Indisin  tribe  of  Brazil  save  the  Tnpfs  hf^  boon  mnrc  cele- 
brated than  that  knowii  as  the  Aimor^s,  Aimbores,  or  Botocudos, 
the  latter  being  the  name  by  which  it  is  known  in  Brazil,  as  well  as 
in  most  recent  works  on  the  cotmtry.  They  call  themselves  Snffe- 
r&chnuiiff,*  a  word  which  I  cannot  translate.  Mtmff,  in  Botocndo, 
means  to  go,  and  the  termination,  which  is  more  likely  to  be  a 
separate  word  in  the  proper  name,  probably  has  the  same  meaning, 
but  I  have  not  been  able  to  find  a  definition  for  the  remainder  of 

*  I  give  Prince  Neuwied's  orthography.  Gerber,  also  a  German,  in  his 
No^aes  Geogrcffiais,  Sc.,  p.  24,  spells  the  word  Endgerekmimg,  and  he  says  that 
Gnido  Marlifere  gives  it  (Mckmaa.  The  name  Botocndo  is  spelled  by  ditfferent 
authors  in  all  possible  ways,  aa,  for  instance,  Botokondy,  Bototude,  Bootoo- 
cndy,  &0. 
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the  word.  The  name  Botocudo  was  without  doubt  applied  to  the 
tribe  bj  the  Portuguese,  because  of  the  custom  of  piercing  the 
under  lip  and  the  ears,  and  inserting  therein  round,  flat  pieces  of 
wood,  like  ban'el-corks,  or  botoques,  ae  they  are  called  in  Portoguese. 
The  termination  udo  in  Portuguese  has  the  signification  of  fur- 
nished v)ith,  as  in  the  words  eabelludo,  velludo.  It  is  true  that 
Bodoqwe  means  a  pellet  of  clay,  such  as  is  thrown  from  a  sort  of 
bow  in  use  among  the  Indiana  of  Brazil,  and  that  the  same  word 
means  also  a  kind  of  stone  or  earth,  employed  by  the  Indians 
to  ornament  the  body.  Some  have  thought  that  the  name  of  the 
tribe  was  derived  from  this  word,  but  the  derivation  I  have  above 
given  is  without  doubt  the  correct  one.  The  Corograjia  Brasili- 
ca  *  gives  the  same  origin  for  the  worf,  and  so  do  Neuwied  and 
Von  Tschudi. 

In  I^pirito  Santo  and  in  the  Muoiuy  region  they  are  com- 
monly called  Buffyes,  a  name  which  Von  Tachudi  derives  from  tiio 
French.  In  Sao  Matheos  and  on  the  Doce  I  heard  them  called 
Tapuyos,  a  Tupi  word  applied  to  savages  generally. 

Judging  from  the  Botocudos  I  have  seen,  I  should,  with  Von 
Tschiidi  and  M.  Serres,  describe  the  race  aa  of  middling  height. 
I  have  seen  many  who  were  five  feet  ten  inches  in  height,  and 
I  remember  especially  one  powerful  fellow,  who  could  not  have 
measured  less  than  five  feet  eleven  inches.      D'Orbigny  makes  the 

*  "As  ontTBS  no^SPS  coiiTis^inbBS,  no  menos  algumas  chamam-lhes  Aymbor^s, 
e  OS  conquiEtadores  poc  eorniptfto  Aymor^a;  niaa  de  muitoa  tempoa  poc  oS 
quHsi  nSa  tem  outro  nome  cntre  os  Chiiaiaos  sentlo  o  de  Bolociidos  peio  extra- 
vagante  e  ridienlo  costume  de  fiiraicm  as  oralhaa  e  os  heifOB  e  dilBtarcra-nos 
notavelmente  com  rodellas  de  piia,  parecendo-lhea  qae  ficam  assim  nutis  geutis 
e  airoios."  —  Corogra^a  BrasiHrxi,  Tome  II,  p.  72, 

The  Dkclontirh  GeograpJiim  deiives  the  name  from  Bolo  and  codea,  "  becanee 
the  Itidiacs  of  this  iialion  were  rolhos  [short  and  thicli],  and  weni  with  the  body 
covered  with  a  coating  of  gnm-oopal,  with  which  they  were  aocnBtoraed  to  paint 
themselves,  to  preserve  them  from  the  stings  of  mosquitoes  and  other  insects." 
Tiiis  is  a  ciialom  which  at  present,  at  liinst,  does  not  seem  to  be  in  use  among 
the  Indians. 
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mean  height  of  the  male  Botooudo  1.620  metres,  and  his  extreme 
height  only  1.000  metre,  but  this  must  he  a  typographical  error.* 
According  to  M.  Porte,  the  height  of  the  male  Botocndo  varies 
from  1,85  metres  to  1.18  metres,  and  that  of  the  women  from 
1,35  metres  to  1.16  metrcf 

The  limbs  and  body  of  the  Botocndo,  thoiigh  exceedingly  strong, 
look  soft  and  effeminate,  and  the  muscles  have  not  the  same  prom- 
inence and  knottiness  seen  in  the  muscnlarly  developed  -white  or 

They  are  generally  broad-shouldered  and  lai^-bodied,  but  then- 
arms,  and  especially  their  legs,  are  apt  to  be  thin,  though  very 
mnscnlar,  and  the  latter  strike  one  as  being  disproportionately 
small,  when  compared  with  those  of  the  negro  and  white  man,  the 
calf  being  hut  slightly  developed.  Von  Tschudi  calls  attention  to 
this,  and  Agasaiz  speaks  of  the  small  siae  of  the  legs  of  the  Indian 
in  comparison  -with  his  square,  heavily  bnilt  trunk,  but  I  have  seen 
Botocudos  as  well  proportioned  as  the  whites, J     In  aJl  the  malos 

«  L'TIomme  Americain,  Tome  I.  p.  102. 

t  Comptes  Reridus,  Tomo  XXI.  p.  5. 

J  Specimens  of  Nnknenuks  were  carried  to  France  by  M.  Porte  and  were 
examined  by  M.  Serres,  who  publisheil  in  the  Comptes  Eendiis  (Tome  XXI. 
p.  7)  [t  ilescription  of  them.  I  nm  not  nwave  that  any  other  sdonrist  has  made 
a  more  detjiiled  Btudj  of  the  Botocudo  than  he,  and  1  quote  a  paragraph  or  two 
from  him  relating  more  espeoially  to  the  eonfiguvation  of  the  trunk.    M.  Sevres 

"  La  poitrine  ^Ijut  liien  conform€e  chez  I'homme  ;  un  peu  aplalje  snr  le  de- 
vant  elle  parnifsnii  d'une  seule  Tenue  et  ne  prfsentait  pas  I'espfeeB  de  vonssare  que 
I'on  I'emarque  au  niveau  du  grand  pectoral  chen  les  hommes  de  la  race  caucasique 
doveloppiSB  au  meraa  degre  ;  voussure  qu'offiniant  d'nna  manifere  marqn^  les 
Am^iicains  loways,  comma  on  le  remarque  chez  les  hommes  lea  pins  forts  de 
1ft  race  caucasique.  En  reTanche  elle  paraiasait  pluB  allong^  chea  le  Botocude 
et  pins  large  qne  I'ordiniiirea  la  region  in^eure.  La  poitiine  de  la  femme 
^tait,  en  anifere  plus  arqufe,  que  celle  de  I'homme;  en  avant,  die  s'inclinait  en 
baa  d'uue  manifere  b  marguie,  qn'il  m'a  fallu  la  m&urer  plusieurs  ibis  pour 
ra'assurer  qn'il  n'y  avnit  rien  d'esag^  dans  le  portrait  qu'en  a  (ait  notre  peintre 
si  flifilingu^  du  Mnsenni  M.  Verner.  De  cetie  Juclinaison  de  !a  poitrine  r^sul- 
tait  I'abaisaeraenl  du  aeiii,  abaiasement  qui  rappeloit  cclui  des  femmos  ^thio- 
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the  pelvis  seomed  extraordinafily  narrow,  and  the  hinder  parts  very 
Biiuiil.  The  handa  are  well  formed  but  small.  Those  of  the  women 
are  particularly  so,  as  M.  Serres  has  remarked.  The  feet  are 
smaller  than  in  the  Caucasian  race. 

The  ph;^iognomy  of  the  Botocudos  varies  ao  extraordinarily  that 
it  is  exceedingly  diftoult  to  describe  ite  peculiarities.  Of  a  dozen 
oi'  mors  Botocudos  in  the  faaenda  of  CapitSo  Granda  no  two  looked 
alike*  There  were  two  young  men  who  were  partially  oivilised, 
and  spoke  Portuguese,  and  I  should  never  have  talteii  them  for 
anything  else  than  very  lightrcolored  mulattoes.  They  all  have 
low  foreheads,  as  Von  Tschudi,  Neuwied,  and  M.  Serres  have  re- 
marked. Their  eyes  are  black,  usually  small  and  full  of  life. 
Pfeuwied  says  that  blue  eyes  sometimes  occur.  M.  Serres  says 
that  those  of  the  women  he  saw  were  more  open  than  those  of  the 
men.  The  exterior  angle  of  the  eye  is  sometimes  a  UtUe  oblique. 
As  for  the  nose,  it  is  usually  rather  short :  and  in  the  four  profiles 
of  Botocudos  at  StEo  Matheoa  in  my  note-book  it  ia  represented  aa 
having  a  concave  outline,  the  extremity  being  lai^,  while  the  alie 
are  rather  wide  ;  hut  I  have  seen  examples  of  narrow  and  arched 
noses.     I  give  two  of  these  profiles  in  the  following  wood-cnt.f 

piqties,  et  qui  ponmdt  devenir  tm  pnractJre  Ae  grange  importance  s'il  ii'y  (ty.nlf 
r'vm  d'indiTiduol  diuis  cette  disposition. 

"  Comme  celui  de  i'honime,  le  thorax  tie  la  femme  ^tait  trfes-^lai^  inKrienve- 
ment;  cat  dlm^ssomentneparaitaToir  eacaneedaiis  I'aliaisseineiitde  la  volnme 
dufoie,  qui  je  reconnuspnrlapercnBaion  daiiB  les  limitea  intecieures  que  n'atteint 
jamais  cct  organe  dans  son  ^tat  natnrel  chez  ta  femme  caiUcosique. 

"  Atsc  cGt  abniaseniBnt  dn  foie  coincudait  ua  HbaiHsemcnt  de  I'ombilic,  ct  ii 
celui-ci  rdpondait  nn  abnissement  du  piiliis,  que  je  reoonnas  avec  peine,  &  causa 
da  la  snillia  gnuBseuae  dn  mont  de  V^nns.  L'abaissemcnt  de  I'ombilic  ffliaait 
saillir  I'abdomcn  on  bns  et  snr  los  c6K?s  et  celui  i3u  pnbis  inclinait  en  bus  at  en 
arriere  le  basBin  ;  de  IJi  i6anltait  ampleur  Ae  la  region  fessiere,  il6jli  moins  iliJ- 
velopfe  qne  chea  la  femme  caucHsique." 

•  Nothing  cnn  be  more  false  than  the  oft-qnoted  and  sweeping  assarKon  of 
Ulioa  ;  "  Visto  nn  Indio  de  qualquer  region,  se  paede  tlecir  quo  ae  hnn  riato 
toiloa  on  qnanto  el  color  y  Contestnra."  — Notkios  Amerlcawis,  p.  aS2. 

t  I  do  not  offer  these  skstcliea  na  accurate  poitrai(3.     They  were  drawn  from 
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M  Senes  descnbea  the  nose  ot  the  men  as  straight  and  those 
of  the  w  men  as  &hp,htlj  liched  at  the  1  ise  In  botb  aci-ord  ng 
to  the  same  authji  the  alte  are  Kige  but  m  re  so  in  the  men 
than  the  w  men 

Jifeiiwieda  plate's  of  the  E  t  cud  ?  uc  i  ell  dnwn  but  they 
giVe  jne  ibsol  itelv  no  idea  cf  the  lar'  Tin.  chicl  kitngn  tm  tk, 
baiTing  hi?  abommahle  head  has  the  figme  of  \  Caucasian  ivh  le 
his  wife  mght  have  posed  for  a  Venus  Neiwiedsfiguiea  weie  evi- 
dently diawn  from  Caucasian  mo  lelb.  The  Bot  cudos  as  a  race  ai'e 
very  ugly,  but  some  of  the  yun^,  giils  might  ly  a  ven  liberal 
construction  of  the  word,  be  calle  1  f  tetty  As  a  £,eneral  rule  the 
women  have  the  abdomen  very  large,  the  breasts  flabby  and  pen- 
dent, and  not  unfrequently  they  are  bow-legged.  The  children,  like 
all  Brazilian  children,  are  apt  to  fell  into  the  habit  of  dirt-eating, 
aud  are  very  often  stunted,  swollen,  and  sickly.* 

natnvB,  and  the  ontlines  are  not  fer  from  correcl.  I  have  iiitrodiircd  tln^in  also 
for  the  piu'pose  of  showing  the  appetirance  of  the  pierced  ear  and  lip.  The 
woman  carries  (i  bi^  on  her  back. 

•  I  saw  in  Braail  a  !ai^  nuiiiher  of  children  and  adults  who  were  addicted 
to  this  habit.  Ill  most  cases  the  clay  is  not  eaten  becanae  of  want  of  nourish- 
ment, but  fivjin  a  moi'hid  appetite.      Among  eomn  nations,  however,  as  the 
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The  clieek-boiies  are  generally  qmte  high,  thougli  not  so  much 
so  as  among  the  Tupi  descendanta.  They  appear  especially  promi- 
nent in  the  emaciated  old  women,  who  are  wretchedly  ngly  in  ap- 
pearance. The  iace  is  somewhat  flattened.  The  mouth  is  always 
very  Wge,  and  the  lips  are  (p\ite  tWct. 

The  hair  is  black,  coarse,  and  straight.  The  beard  is  of  the  same 
character,  and  very  Bpsirse.*  They  generally  pull  it  out ;  but  I 
have  frequently  seen  men  with  a  very  sparse  beard,t  as,  for  in- 
stance, the  one  whose  profile  I  Imve  given.  They  sometimes  cut 
off  or  pnll  ont  the  eyebrows,  and  the  women  at  least  suffer  hair  to 
grow  on  no  part  of  the  body  except  the  head.  The  hair  is  always 
worn  short,  and  falls  over  the  forehead.  Sometimes  it  is  shaved 
away  for  two  or  three  finger-breadths  all  round,  with  a  razor  made 
from  bamboo  ;  but  thie  custom  is  not  general,  and  none  of  those  I 
saw  at  Sao  Mfttheos  were  shaven  in  this  way.  The  women  usually 
wear  in  their  perforated  lips  and  ears  round  disks  of  wood  {bo- 
to^ues),  like  the  cork  to  a  lai^e,  wide-mouthed  bottle.  Of  the  many 
Botocudos  I  have  seen  on  the  Eio  Dooe,  at  SSo  Matheos,  at  Colo- 
nia  Leopoldina,  Urucu,  and  Philadelphia,  only  the  adult  women 
had  both  ears  and  lips  pierced.  The  old  men  invariably  had  the 
ears  perforated,  but  I  do  not  remember  ever  havmg  seen  a  male 
with  a  hole  in  his  lip,  and  I  never  saw  a  child  with  either  ear  or  Hp 
perforated,  which  leads  me  to  suppose  that  the  custom  is  going 
out  of  use.  The  piercing  of  the  lip  and  ear  is  performed,  according 
to  Neuwied,  when  the  child  is  seven  or  eight  years  of  age.  Neu- 
wied  says  that  it  is  done  with  a  sharp  piece  of  wood ;  other  writers 

Ottoinaca  on  tho  Orinoco,  large  qnantitieB  of  ckj  are  eaten  in  times  of  great 
scarcity  of  food.  Humboldt  has  investigated  iWe  snlijeot,  in  his  ustial  exhanat- 
ive  manner.     See  his  Travels,  Bohn's  Edition,  "Vol.  XI.  p.  495. 

*  M.  Serrea  Bays  floe,  at.) :  "  Lenrs  cheveux  ^laient  noirs,  epais,  conrta,  liases 
et  limitfiB  en  deIni^»rcle  aur  le  front  Caux  de  I'homme  ^taient  plus  rades  qne 
cenx  de  la  femme." 

f  Di'.  Karl  Augnst  Tolanor  dascrihcs  the  Botoeiidos  of  the  Colonie  Leo- 
poldina as  wearing  a  sparse  beard.  [Die  Colonie  Leopoldina  in  BmsHien,  Gottin- 
gen,  1860,  p,  63.) 
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red  cord  of  flesh.  It  is  usually  worn  the  most  of  the  time,  but 
may  be,  and  is  from  time  to  time,  removed.  The  lip  then  hangs 
of  course  against  the  chin,  a  hideous  loop  of  fl^h,  comparable 
m.ore  to  a  great  worm  than  anything  else,  displaying  the  teeth 
with  a  homble  grin.  The  pressure  of  the  plug  against  the  lower 
incisors  in  front  pushes  them  out  of  place,  and  even  causes  thera 
to  fall  out,  so  that  an  old  woman  with  the  lip  ornament  always 
wants  the  lower  front  teeth,  and  not  infrequently  the  upper. 
Neuwied  describes  and  figures  the  jaw  of  a  Botocndo  in  which 
the  alyeolEe  of  the  front  incisors  had  completely  disappeared,  leav- 
ii^  the  bone  as  sharp  as  a  knife. 

Jfeuwied,  in  the  Atlas  to  his  Ti'avele,  on  Plate  17,  represents  four 
heads, — three  profiles  and  one  full  face.  These  figures  are  really  of 
very  little  value,  aa  they  have  evidently  not  been  drawn  from  na- 
ture. In  Figure  I.  the  ear-plugs  are  represented  twice  as  thick  as 
they  oiight  to  be,  and  the  under  lip  is  represented  as  touching  the 
upper,  which  is  absolutely  impossible.  The  position  of  the  ping 
is  better  represented  in  Figure  IV.  It  is  usually  carried,  in  the  re- 
pose of  the  features,  nearly  horizontally.  In  a  smile  it  is  inclined 
upwards,  and  often  touches  the  nose.  In  eating  it  may  be  taken  out, 
but  none  of  the  Botocudo  women  I  have  seen  eatii^  removed  it. 
A  more  comical  sight  than  an  old  woman  sucking  a  stick  of  sugar- 

•  Fletdier  says  tiiat  these  plugs  are  mads  from  the  wood  of  the  alno,  which 
is  incorrect.  Ewbani  speabi  of  the  pings  as  made  otpito  wood,  doubtless  mean- 
ing the  same  thing. 
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cane  can  scarcely  be  imagined.  In  quarrels  the  perforated  ears  and 
lip  are  apt  to  suffer,  and  it  is  no  uncotamon  thing  to  see  them 
broken.  In  this  case  the  oi-nament  is  cot  necessarily  discarded, 
The  two  ends  are  then  tied  together  with  a  bit  of  bark,  or  some- 
thing of  the  Sort,  and  the  phig  is  leplaLed  At  Unieiilsawarather 
young  womin  who^e  lip  had  been  torn  and  tied  up.  Usually  the 
eai  plu„  IS  not  worn  and  the  loop  of  flesh  la  left  dangling,  some- 
times leach  ng  to  the  shoulder.     When  the  plug  ia  removed  the 

pening  generally  appears  veiy  inegulai,  as  in  the  man  whose  pro- 
file I  ha\e  given  In  tntvelhng  thiongh  the  foiest  this  loop  would 
1  e  1  kelj  tt  be  oinght  against  limbs  of  tiees  and  be  torn,  so  it  is 
VHij  ften  tuinel  up  diil  laid  over  the  etii,  which  shortena  the 
or  in  in  the  first  i.lace  and  produces  a  horrible  deformity.  I 
ol  sen  e  1  that  two  old  women  at  S^o  Matheos  wore  the  ear-flap  in 
th  s  way  even  m  camp 

Neuwied*  cites  a  numl  er  of  eiamples  of  nations  that  pierce  the 
en  and  lip  The  Ag  iiteijuediGhagas,  Lengoas,  and  Charruas  of 
Pafis^uay  woie  hi^e  blooka  tf  wood  in  their  ears  and  lips,  bat  the 
hp  plug  WIS  smaller  than  thit  of  the  Botocudo.  The  Gamellas  of 
lltrml^  used  immense  wooden  lip-plngs,  and  Major  0.  C.  James 
informs  me  thU  the  Bii^res  of  S5o  Paido  have  the  same  custom, 
though  it  IS  hoivever  now  going  out  of  use  as  the  Indians  become 

IV  bzed  Major  lames  says  that  the  civilized  Indians  clcse  up  the 
Of  enm^  m  the  lip  with  wax  The  Mnras,  on  the  Amaaonas,  used 
to  pieice  the  lip  but  the  custom  is  now  abandoned.  The  Tupi- 
nimbaa  woie  ornaments  of  nephrite  stone  in  the  lip.  Mr.  Geoi^ 
0-ibbs  bos  called  my  attention  to  the  fa«t,  that  the  Koloshians 
of  Alaska  I leice  tie  lip  and  wear  a  plug.  It  is  veiy  interesting  to 
kniwthat  this  custom  obtaina  among  savages  so  widely  eepiiated 
\Vo  d  describes  a  nation  in  Africa  that  pierces  and  distends  the 

ujper  hp  bj  inserting  i  nng  a  custom  more  hideous  than  that  of 

the  Bstocnio 

I   t.ie   fit,  lus    f  tl''   sk   11  of  a  male  Botocudo  I  obtained  for 
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tlio    Musoiira    of  Comparative   Zoology   at   Sao    JIatheos.      The 

mail's  iitwno  was  Xuparack,  or  the  On^a.     He  tiad  died  of  disease, 

and  had  been  buried  in  the  vicinity  of  the  faaenda,  but  the  rains 

had  uncoTered  the  body,  which  his  relatives  had  left  to  rot  in  a 

Bwamp.    A  half-civilized  Indian  led  me  to  the  spot,  and  himself  pro- 
cured for  me  the  sltull,  which  wo 

carried  to  the  Louse  and  placed 

on  a  table.     When  the  Indians 

came  in  to  suppei  the  Botocndoa 

gathered  aroun  1  and  mide  sport  J 

of  it,  thruBtioj,  the  i  fingers  ii 

the  eyelesa  scokets  and  lau-,hmj, 

at  it,  though  at  the  aarie  ti. 

they  knew  that   it  belonged  to  | 

one  of  their  near  relations     This    I 

skull  I   placed  m  the  h  n  Is  of 

Professor    Jeffiies    l\jmai 

Cambridge,  Massachusetts    ivho 

has  kindly  funiahel  me  with  the  foil  wm^  inteiestinj,  ani  ■vaJ 
.   the  leferencea  m   the  TheiMr 
avis  ]  1^    "35  it  appears  that  onlj 
a  few  crania  of  Eotoeudos 
have  been  described,  —  not 
nnre  th\n  five  m  all;  and 
of  these  bnt  one  has  been 
meisured  and  this  very  im- 
perfeUly  b\    Di   Davis,  as 
he  h»d  only  a  cast,  the  origi- 
nal   being    m    Stockholm. 
The  specimen  from  Sao  Ma- 
theos  is  therefoie,  a  valu*- 
ble  addition  to  the  previous 
It  IS  thit   if  1  mins  mewhit  ad-tmcel    n  life,  the 
id   the   alvejh  1  ii gelj    tbsjrbed     the   sagittal  and 


liable   notes  upon  it 
Craniorum  of  Di   J  Bn 
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lambdoidil  ?utmes  are  olosel  in  these  portions  ^iitre  the  two 
join.  The  eidu  walls  of  the  heid  aie  vertical  and  the  top  boini, 
what  loot  shaped  The  fyi  i^neii  macrnum  haa  about  the  s  ime  j.o- 
aition  as  m  the  Ameni^oii  abon^me^  generalh ,  its  index  bem^  4il  b, 
while  m  thp^p  if  ii  40  9  The  Ijiendtb  acioss  the  mdlii  hones, 
together  with  the  loof 
shaped  top,  giie  to  the 
wholt,  ^hcn  ^leweJ  in 
front,  a  somewbiit  pj 
mmidaJ  form  ccmpaied 
with  that  lit  the  othei 
b  irbaruus  tiihea  f,enei 
ally  The  size  of  the 
cianium  is  large,  its 
length  hom^  510  niilli 
metres,  and  its  oapai,ity 
1,435  centimetres,  or  8b  cubit,  ini,be?,  while  theirs  is  only  1,376 
centimeties  or  84  cubic  inches  The  length  of  the  skull  bein^ 
taken  as  100,  its  breadth  is  73  8,  and  it  is  therefcre,  decide  lly 
elongated  or  dohchocephalit.  The  whole  i?  massne  and  hi.i\; 
and,  at  the  hindei  part  especially,  quite  thicli 

"Though  somewhit  fcmdlei,  this  slnll,  as  will  he  srcn  h\  the 
foUowmg  table,  agiees  very  neaili  m  it^  piojoiti  no  witli  tint  d 
scribed  by  Dr  Dwis  m  his  Tli^ianrus 


Ifci™:       Lsnglh. 

...... 

HeigLl, 

Lsngth. 

i    j^jj. 

lO.m. 

SaoMatheoa     .... 

510 

1S7 

13B 

138 

DaviB's  collection .     .     . 

525 

190.5 

139.5 

144.5 

.0, 

Etumeiibach's  collection 

139.5 

"When  compared  with  Bluraenbaoh's  specimen  there  is  a  wide 
difference.      The  one  figured  by  him  in   his   Decadeit   Oraniorum, 
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Plate  LVIII.,  waa  brought  from  Eraail  by  the  Prince  Wiecl  Neu- 
wied,  and  is  also  figm-ed  in  Morton's  Crania  Americana,  Plate  XV. 
Id  the  first  case  the  view  is  obliqwe,  and  in  the  second  exactly  in 
piotle  this  \iew  beiiig  tiken  fiom  a  drawing  furmshei  bj  the 
Prmee 

lu  its  tLicknesB  and  m<iasiTeness  it  agrees  with  that  of  S^o 
Matheot,  As  fiu  is  one  can  jud^e  fiom  the  hgmes  of  Blumen 
l)a«h  and  Mcrton  the  one  de&cribed  by  them  i?  short  and  hi^h 
and  acooidin^  toBlumenbaLhsdesCJiiption  rem^,^k^blefol  its  bru 
tabtj  oi  to  use  hw  own  words  If  you  disregard  for  a  moment 
the  under  jiw  and  mteival  of  the  orbits,  the  project  ng  nasal 
spine  and  the  othei  particulara peouliai  toman,  the  general  ispett 
ipproachee  neaiei  to  that  of  the  orangoutang  than  thit  of  my 
other  skull  from  a  barbarous  nation  to  be  seen  m  my  collection. 
Hia  figure  seems  to  justify  his  words,  and  represents  the  jaws  more 
projecting  and  simious  than  doea  that  of  Dr.  Morton. 

Of  tie  iiginil  shipe  of  the  ]  w  of  the  enniim  of  bao  Ma, 
theos  it  11  now  hardh  po^ible  to  form  a  coirect  idea,  since  it  la 
one^h  t  biokeo  The  teeth  are  ^  ne  and  tie  alveoh  paitly 
ab^oibel  There  is  nothing  houcYet  m  iihat  remains  to  n 
dicate  gieat  size  or  foiwaid  j tojeotion  The  whole  cr  m  m  will 
compare  taior^bly  with  the  oitii\  of  other  1  arliio  s  till  ps  of 
Amer  i  Certanlytl  le  antlii^  nhcati\e  of  e\tieme  de^^ia 
dation 

In  a  letter  accompanying  the  above  notes  Professor  Wyman 
says  :  "  It  is  quite  curious  to  see  what  an  entirely  different  look- 
ing thing  the  skull  of  Sao  Matheoa  is  when  compared  with  the 
famous  one  described  and  figured  by  Blumenbach,  and  which  haa 
hitherto  given  the  key-note  to  all  that  has  been  written  about  the 
skiUla  of  Botocudos.  ■  If  there  were  only  your  SSo  Matheos  skull 
and  hia,  and  they  had  fallen  into  different  hands  for  deacription, 
one  would  have  given  us  the  connecting  link  of  man  with  the  apes, 
while  the  other  would  have  given  us  a  highly  respectable  American 
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The  slrall  described  by  Blumcnbach*  is  figured  as  a  vignette  to 
the  second  volume  of  Prince  Max.  au  Nenwied's  Seise  naek  Bra- 
silien,.  It  seems  to  me  to  be  moat  extraordinarily  short  and  small 
compared  with  the  size  of  the  jaw.  Amoi^  all  the  Botooudos  I 
saw  iu  Brazil  there  was  not  one  with  so  ape-like  fi  head  and  sneh 
projecting  jaw3. 

Von  Techudit  figures  the  sknO  of  a  Botootido  chief,  named  Poro- 
kum,  from  the  Muciiry.  He  gives  a  front  but  somewhat  oblique 
view  of  it,  which,  however  shows  that  it  igtees  with  my  specimen 
in  the  perpendicularity  of  the  sides  and  in  the  loof-shaped  top. 

The  col  1  rf  the  Botocii  lo  m  ^  lie,ht  yellowish  brown,  like  that 
of  a  verj  white  mulatto  ot  perhai  s  more  correctly  speaking  that 
if  a  white  man  somewhit  tannerl  not  burned  by  exposure  to 
the  sun  Neumed  sajs  that  thej  are  of  \  reddish-brown  color, 
Von  TsLhudi  a  dirty  neaily  bronzed  biown  %  The  color  varies 
liiu'-h  I  vhould  saj  that  the  bodies  of  the  Botocudoa  I  have  seen 
were,  on  the  aveiage,  much  lighter  in  color  than  those  of  the  white 
canoe-men  of  the  Jequitinhonha,  accustomed  to  work  almost  nalted 
in  the  sun,  and  th\t  is  a  race  they  were  much  whiter  than  the 
Tupi  descendant?  along  the  coist,  who  differ  most  mai'kedly  in 
their  whole  phj^io^omy,  stiture,  &c.,  fi'om  their  uncivilized 
neighbors. 

D'Orbigny  Las  called  attention  to  the  yellowish  skin-tint  of  the 
Brasilio-Guoranl  races.     It  is  interesting  to  observe  that  the  Boto- 

*  Prince  Heuwied  qnotes  at  the  end  of  the  chapter  on  Botocnclos,  Vol.  II. 
p.  70,  a  few  words  from  Blamenbach  relative  to  this  skull.  Blumeiibach  saja : 
"  Dei'  Bolflcude  womit  Ew.  meine  ethnologische  Sammlung  berrachei-t  habsn, 
nnd  der  ebeii  so  sehr  zn  den  merkwniTligBten  als  zu  den  seltensten  Stiicken  der- 
selben  gehort,  ilhnelt  in  seiner  Totdform  (doch  ohue  den  Uaterkiefer)  dem  vom 
Onrftogvitnng  mehr,  ols  einem  der  acht  Negersehadel  die  ich  besilae,  wenn  gJdch 
bey  mnnehen  von  diesen  die  Obeckiefer  starker  als  an  dem  brasilianlsclieii 
Cannibalen  prominireQ." 

t  Seisen  durdi  Sud-ABierika,  Zweiter  Band,  328"  Seite, 

t  M.  Serres  describes  the  color  of  the  Botocudoa  lio  examined  as  "  Brim  rou- 
goatre,  HO  pen  plus  rosea  que  cellc  des  loways." 
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cudoa,  a  nation  fitted  for  a  life  in  damp  ahady  forests,  and  unable 
to  bear  tbe  sun  in  the  open  campos  of  the  interior,  are  of  a  very 
pale  color,  and  very  much  less  doA  than  those  races  which  live  on 
the  plains  or  on  open  grounds.  Sonthey*  thought  that  their  pale 
color  was  the  result  of  their  life  in  the  shady  foreate,  and  D'Or- 
bignyt  held  the  same  belief,  stating  in  confirmation  of  it  that, 
while  the  Guaranis  of  the  plains  of  Corrientes  and  tbe  Gran  Chaco 
are  dark  colored,  the  Guarayos  and  Sirionos,  though  belonging  to 
the  same  race  of  tbe  Guaranls,  who  for  about  four  hundred  yeara 
have  lived  in  the  damp  and  shady  forests,  are  very  light  colored. 

Gumilla  says,  that  the  people  living  in  tbe  forests  of  the  Orinoco 
are  almost  white,  while  those  of  the  plains  are  dark.  J  I  am  told 
that  the  Botocndos  are  capable  of  blushing.  I  never  detected  any- 
thing of  the  sort,  and  I  doubt  whether  it  is  possible  in  any  except 
those  considerably  civiliaed. 

Among  the  Indians  I  saw  on  the  coast  only  one  young  woman 
had  her  cheeks  painted,  thougb  the  custom  seems,  at  least  for- 
merly, to  have  been  quite  common  with  the  Indiana  in  the  forest 
not  only  to  paint  the  face  but  the  body.  This  young  woman  had 
d.  bright  led  spot  on  each  cheek,  pamted  with  a  tint  prepared  from 
the  seeds  of  the  Urucii  {Bixa  (hellnna  Linn.),  a  fruit  common  in 
the  Biazih  in  forests,  and  from  which  anatto,  or  cheese-coloring,  is 
piepaied  This  same  color  is  also  used  by  other  tribes  in  Brazil 
to  pxmt  tbeii  bodies  A  deep  blue-black  of  greater  durability 
IS  extracted  fiom  tbe  fimt  of  the  Genipapo  (Geiiipa),  and  is  also 
used  fi>r  omamentmg  the  body  §  The  style  of  ornamentation  ap- 
pears not  to  be  fixed,  but  to  vary  according  to  the  caprice  of  tbe 
individual.  Neuwied  describes  three  principal  styles.  In  one 
the  face  from  the  moutb  upwards  is  painted  red  with  unicu.     In 

*  History  of  Brazil,  Chap,  XIII. 

t  L'Hamme  Ani&icain,  Tome  I.  p.  79. 

J  Hist,  de  I'Orgnoqyie,  Trad.,  Avignon,  1752.  Tome  I.  p.  108,  Cited  by 
D'Orbigny.    See  Humboldt,  Tmvels,  Bohn's  edition,  Vol.  11.  p.  46.5. 

§  Henclerson,  in  his  usually  inaccurate  style,  Siiys  that  the  Botocuilos  paint 
themselves  green  ov  yellow. 
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another  the  body,  upper  arms,  and  tliigha  to  just  below  tlio 
knees  are  stained  black,  the  colored  portion  being  sepaiuted  from 
the  unpaiuted  by  a  red  stripe.  Sometimes  one  half  the  body  was 
painted  black,  the  rest  heing  left  nncolored.  Occasionally  a  black 
line  like  a  mustache  was  drawn  across  the  upper  lip,  and  ex- 
tended to  the  ears,  the  rest  of  the  iac«  being  red,  and  Nenwied 
says  that  sometimes  the  sides  of  the  body  are  blackened  irotn  the 
shoulders  to  the  feet,  the  middle  of  the  body  being  without  cclor. 
The  colors  are  usually  prepared  in  the  upper  shell  of  a  tin-tle,  and 
are  earned  in  a  joint  of  bamboo, 

Aa  Von  Tschudi  has  well  remarked,  a  naked  Botocudo  wamor, 
with  his  black  painted  body,  red  face,  and  lip  and  ear  ornaments, 
must  present  a  most  demoniacal  appearance.  In  the  forest  the 
Botocudos  go  naked.  Not  a  single  Indian  I  saw  wore  any  orna- 
ment on  the  head  or  body,  unless  it  were  a  simple  string  of  beads. 
"When  at  work  on  the  fazendaa  they  go  as  nearly  naked  aa  possible; 
th  ft      tie  a  shirt  by  the  arms  around  the  waist,  letting  the 

bodj  h  1    Ti  in  front;  the  women  wear  only  a  tattered  skirt. 

Th  m    t    are  immediately  discarded  as  soon  as  they  return 

t  th  f  t  and  one  may  see  little  bands  entirely  naked  in  the 
VI  n  ty  f  Phdadelphia  and  other  settlements  in  the  Botocudo 
region.  Like  other  savage  nations,  the  Botocudo  shows  no  symp- 
tom of  shame  on  exposing  the  person  in  the  presence  of  these  who 
are  dressed. 

The  ornaments  of  the  wild  Indian  woman  consist  of  a  band 
sometimes  woni  about  the  head,  from  which  on  one  side  depend 
a  number  of  long  strings  to  the  ends  of  which  are  attached  hoofs 
of  capibaras ;  of  collars  made  of  hard  ben-y-like  ft-uits  stnmg  on 
threads,  together  with  the  teeth  of  monkeys,  &c.,  or  of  strings  of 
the  hoofs  of  wild  pigs ;  and  of  ai-ralots  of  beads  and  teeth.  The 
chiefs  sometimes  ornament  themselves  with  feathers,  but  this  is 

I  never  saw  a  savage  Indian  woman  wearing  a  flower,  though 
the  civilized  Indians  are  very  fond  of  them,  as  Mrs.  Agaasia  tells  us 
in  the  "Journey  in  Bi-aail." 
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The  arms  of  the  Botocudo  consist  of  the  bow  and  arrow ;  clubs 
are  rarely  used.  The  bow  in  ordinary  use  is  about  five  feet  in 
length,  and  is  made  from  the  wood  of  the  Airi-palm.  This  wood 
ia  exceedingly  hard,  heavy  and  strong,  and  of  a  very  dark  reddish- 
brown  color.  The  bow  is  thickest  in  the  middle,  where  it  is  round, 
and  it  tapers  regularly  to  each  end.  So  difficult  are  these  bows 
to  bend,  that  no  one  but  an  Indian  oaa  uae  them.  Mr.  Copeland 
brought  one  from,  the  Guandu  with  him,  which  not  even  our 
strong  canoe-men  could  bend.*  These  bo^ra  vaiy  somewhat  in 
size,  some  being  even  seven  feot  in  length. 

The  arrows  are  usually  about  six  feet  in  length,  and  are  made 
of  the  Ubd,  Canatachvha,  &o.,  which  furnish  light  and  strong  reed- 
like stems. 

TI  JT  w  \'a  war  is  tipped  with  a  javolin-like  head,  five  or 
IX  n  1      1         ad  sometimes  two  inches  broad,  which  is  made  of 

p  f  n  tl  de  of  a  joint  of  Bamboo,  and  is  consequently 
n  !    and  concave  on  the  other.     This  is  cut  into  a 

-t    f    11 1 1     11  ipe,  and  sharpened  to  a  long  acute  point.     It 

tl  1  aid  1  n  fire,  and  the  aiTow-head  is  prepared  with 
n     1  b    2        a  knife.     Tlie  head  is  bound  into  the  arrow- 

I  \ft  w  fh  b  1  This  aiTow,  which  is  employed  not  only  in  war, 
It  th  has  f  the  Tapir,  is,  like  the  other  kinds  in  use  among 
th  In!  n,  t  j  ped  with  the  feathers  of  some  large  bird,  a  single 
f  tl  be  n  b  d  on  each  side.  It  makes  a  terrible  wound,  and 
n  f  rt  da  ly  dangerous,  because  of  the  concave  shape  of  the 
a     w  wl     h  fa  1  t^tes  bleeding. 

Another  anow  m  uae  sometimes  in  war,  but  usiially  in  the 
chase,  is  furnished  with  a  thin,  narrow  head,  about  a  foot  long,  with, 
backward  projecting  points  cut  on  one  side, —  a  terrible  weapon. 

For  birds  and  small  game  an  arrow  is  used  whose  tip  is  made 

•  Speaiing  of  the  Bfrength  of  the  Indiana  of  the  ricinilr)'  of  Rio,  and  of  the 
stifliiess  of  thdr  bows,  Lery  says,  Cap.  XIII. :  "Si  longitndiiie  et  crassitu- 
diae  uoatTOs  adeo  superant,  ut  eoa  nee  lentare  neo  addncere  uUnB  nostnun 
possit ;  quin  potius  imrao  totis  viribus  pnerornm  decern  nnnorura  nrciibus  cur- 
vandis  opus  esse." 
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from  a  stem  cut  at  tho  nodo  where  several  little  brandies  have 
their  origin  in  a  circle  ;  the  stem  is  fashioned  iato  a  blunt  point  just 
above  the  node  and  the  branches  are  cut  off  short.  An  arrow  of 
this  kind,  of  com-se,  does  not  tear  but  only  bruises.  I  once  en- 
countered several  Indians  near  Urnofi  returning  to  their  camp 
from  hunting  small  lizards  with  these  blunt  arroire.  Guns  are 
not  miich  in  nee  among  these  savages,  though  they  soon  learn  to 
use  them  very  espertly.* 

The  Botocudos  use  a  sort  of  speaking-trumpet  made  of  the  skin 
of  the  tail  of  the  great  armadillo  {Daaypue  gigas)  to  call  one 
another  in  the  forest. 

Before  the  discovery  of  America  the  Indians  of  Braail,  both 
Tupi  and  Botocudo,  used  cutting  instruments  of  stone  of  Yarioua 
shapes,  and  at  Linhares  on  the  Rio  Doce  the  subdelegado  pre- 
sented me  with  a  stone  instrument,  probably  of  TupS  origin,  of 
the  shape  of  a  saddler's  cutting-knife.  It  was  made  from  a  very 
hai-d  gray  stone.  I  unfortunately  lost  the  specimen,  so  that  I 
am  unable  to  figure  it.  I  have  never  seen  any  of  the  stone  imple- 
ments of  the  Botocudos.  Their  principal  cutting  instrument,  be- 
sides their  bamboo  razors,  consists  of  a  common  etout  Imife,  like 
a  butcher-knife,  though  they  make  knives  from  hoop-iron,  or  any- 
thing else  that  will  serve  the  purpose.  This  knife  they  always 
carry  slung  over  the  back  by  a  cord  around  the  neck. 

The  nation  of  the  Botocudos  \s,  divided  into  a  number  of  little 
tr^ua,  as  they  are  called,  or  collections  of  a  larger  or  smaller 
number  of  families,  each  tribe  inhabiting  a  certain  region  in 
which  they  have  their  Aldeamento  or  head-quarters.  Each  one  of 
these  ti-ibes  is  governed  by  a  chief  usually  selected  for  his  strength 
and  bravery,  and  the  tribe  frequently  takes  its  name  from  the 
leader.  Thus  a  tribe  in  the  Mucury  region,  headed  by  a  chief  of 
Herculean  strength  named  P(giclid,'\  goes  by  hia  name.     Henrique 

•  Von  Tsehudi  says  that  the  Indiana  not  only  shoot  more  snccessfully,  bat 
to  a  greater  distance  with  their  nrron-s,  than  tho  European  can  irith  Ms  gnu. 
t  A  son  of  PojichiE  was  a  servant  in  Ihe  house  of  Signer  Gazinelli,  in  Santae 
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Gerbcr*  says  that  "they  divide  themaelves  iato  several  tribes, 
of  which  some  are  domesticated  and  gathered  together  into  vil- 
lages ;  others,  still  wild,  wander  through  the  forests  of  the  valleys 
of  the  Mucitry,  Doce,  Tambaeury,  Urnpnc^  &o.  All  of  them,  how- 
ever, distinguish  themselves  disadvantageouslj  from  the  Machor 
lalis  and  Malalia  by  tho  inferior  degree  of  their  intellectual  facul- 
ties.    The  principal  domesticated  tribes  are  ;  — 

a.  The  Naknenuks  (dwellers  in  the  Serra),  a  confederation  of 
various  tribes,  who  occupy  the  valleys  of  the  upper  Todos  os 
Santos,  Potc,  and  Mucury,  in  the  Aldeammtos  of  the  CapitSo 
Felippe,  in  the  forest  of  SSo  JoSo,  of  the  Captain  Pot6,  on  the 
mai'gin  of  the  brook  Pot^,  of  the  Captain  Timothoo,  on  the  head- 
waters of  the  Todos  os  Santos,  &o. 

h.  The  tribes  of  PojichS,  encamped  three  leagues  below  Philor 

e.  The  tribes  of  Giporok,  on  the  margins  of  the  Uructi  and 
Lower  Mucury. 

d.  The  Bakues,  on  the  left  mar^n  of  the  Mucury. 

e.  The  Aranaus  on  the  margins  of  the  Snrubim  and  Sassuhy. 
Von  Tschudi  f  has  given  the  distribution  of  the  tribes  with  so 

much  detail  and  apparent  precision  that  I  quote  what  he  has  to 
say  on  the  subject :  — 

"  The  nation  of  the  Botocudos  is  hroken  up  into  a  multitude  of 
tribes,  of  which  the  most  divide  themselves  agWG  into  independent 
hordes.  On  the  head-waters  of  the  Mucury  and  Todos  os  Santos 
live  the  NaknenA.  From  my  researches  into  the  meaning  of 
this  word  two  entirely  opposite  explanations  have  presented  them- 
selves to  me.  According  to  one  version,  the  name  should  roean 
'Lords  of  the  land,'  according  to  the  other,  'Not  from  this  land.' 
I  am  not  in  the  position  to  determine  which  translation  is  the  more 
correct  J     To  the  Naknenuks  must  be  reckoned  as  belonging  the 

*  No^es  Geogtujiais,  &c.,  pp.  24,  25. 

t  Rdsea  dariA  SM-Ammka,  Vol  11.  p.  264, 

J  See  Gerber,  ijnoted  above.   Vou  Mai-lins  translates  the  name  "  /lommes  terrtc." 
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Americanos  d'Agoa  Branca  on  the  Rio  Preto,  belonging  to  the 
basin  of  the  Jequitinhonha,  where  they  possess  a  considerable 
aldea. 

"  The  Nalaienuks  of  the  Mucury  consist  of  tho  following  known 
liordes,  wliich  are  called  after  their  chiefs :  The  hoixie  of  Foti, 
probably  the  strongest  of  all,  only  two  leagues  distant  from  Phila- 
delphia, that  of  Cracatan,  JBroi,  Poton,  TvmothSo,  IiUhtyine,  Felipe, 
Ninhite,  and  Nortete.  The  last,  which  formerly  nmnbered  over  a 
hundred  'bows'  fit  for  war,  has  lately  mcltod  away  to  ouly  a  few 
families 

"  Soiith  of  the  Serra  Mapmap-crak,  which  separates  the  basin, 
live  the  Aranatis,  the  bitterest  enemies  of  the  Naknennks,  on  the 
Kio  Aranail.  From  the  northera  tributary  of  the  Muoury,  the  Kio 
Panpan  [Pampain  or  Panipao]  to  Santa  Clara  stretch  the  BahiSs, 
and  west  from  these  to  near  the  shore  the  tribe  of  Uruf'&.  On 
the  source  of  the  Rio  Preto  are  the  bands  of  Joao  Ima,  Gasimiro, 
Model,  and  other  subordinate  ohiefii,  Jumerai,  Capord,  Ampaque/fi. 
In  the  southern  basm  of  the  Mncury  we  meet  at  the  RibeirSo  de 
Saudade  with  the  tribe  of  the  redoutable  Captain  PoscMsckd,*  some- 
what farther  east  of  the  Eiberao  daa  Lages,  the  tribus  of  Melcmek, 
Shiporoh,  and  Fotik,  and  still  eastward  toward  the  coast,  in  the 
basin  of  the  Sao  Matheoa,  the  hordes  of  Pokoran,  Batata,  and 
others.  On  the  Rio  Urucfi,  or  the  largest  southern  affluent  of  the 
Mucury,  the  Skiporohs  and  the  ehiefe  Juquirmia  and  Maraii. 

"On  the  subject  of  the  name  ' Shiporok'  I  have  no  more  light 
than  on  that  of  NaknennL  According  to  some,  Shiporok  means 
enemy,  and  with  this  name  the  Indians  commonly  designate  their 
adversaries.  The  tribe,  however,  does  not  name  itself  so.  By 
what  name  it  designates  itself  I  could  not  learo.  An  Indian  sol- 
diei',  and  one  excellently  acquainted  with  the  language  of  this 
race,  and  of   whom  I  made  numerous  inquiries  concerning  it, 

•  Von  Tflchudi,  like  a  Germim,  has  mistaken  a  sounti  very  near  the  Frenck 
J  foi  an  sh.  Shiporok  ia  pronoimced  shlpSrffk,  the  sound  sA  representing  a 
souaii  soniowliat  itLtermediate  hetween  the  Fi'ench  j  and  ths  Spanish  di. 
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■ifi^ired  ne  tl  at  Sh  porok  neant  J- om  S u  s  le  of  tl -e 
I  T  0  }  hndtJie  0  tat  tnd  that  tl  la  was  the  only  name  of 
the  ice  In  the  1  a'^^'^  f  the  Eotocudo?  'ah  porak  means 
biother  and  &h  po  ok  a  n  In  the  je  i  181ti  Pmce  Mai.  au 
Neu  el  n  et  w  th  a  bnve  Eotoc  do  ch  ef  cilled  Jeparak,  at  the 
Q  -tel  d  b  A  COB  n  the  i  ver  Eelmo  te  It  a  not  unliltely  that 
h  t,  laud  went  latei  Boutl  yard  and  settled  the  has  a.  of  the  Mu- 
y  About  th  tj  je  later  the  Shipo  oks  were  at  the  Lag3a 
d  A  IT  V,  on  tl  e  o  th  ba  I  f  tl  e  Mucu  j  aud  abo  t  eight  yeare 
fter  we  ft  i  tl  em  o  the  E  o  U  cu  a  so  tbem  t  butary  of  this 
St  e  Bj  the  n  bst  n  t     fte    suppr  as  1        nd    of  the  vowels 

n  nmny  w  rd  f  the  lan^  %,  f  the  B  tocu  los  1  believe  tliat 
tl  e  n  ode  of  wr  t  g  tl  e  vo  d  on  tl  pirt  ol  P  i  e  Maximilian 
a  no  1  md  -moe  to  ti  e  op  on  tl  t  tl  e  I  d  an  lao  of  the  Jepa- 
ralis  wh  ch  1  e  met  th  at  Beb  out  a  e  lent  oal  with  the  Shi- 
po  oka  at  Ur 

All  tl  e  In  1  1  ds  on  the  1  as  n  of  the  Mu  uy,  with  the 
excext  o  f  the  Mal-il  a  Ma  1  a«al  s  and  perhaps  the  Aranaua, 
bel  n^  to  the  -ice  f  the  Botoc  lo  or  S  j  In  j  as  they  call 
themselves  '^ome  hands  1  ave  ettlei  dowi  n  permanent  dwell- 
ng place  iUeament  s  or  illeas  i  d  we  have  especially  to 
notice  the  Aldeamento  do  Poton,  the  Aldo.  do  Pote,  Aldo.  do  Crar 
catan,  Aldo.  de  Curien^a  (daa  Cursiumas),  Aldo.  do  Nortete,  Aldo. 
de  Sao  Joao,  Aldo.  d'Agoa  Boa,  Aldo.  dna  Aranatia.  In  the  year 
1817,  ont  of  these  eight  Aldeamentoa  one  himdred  and  four  indi- 
vidoala  were  converted  to  Christianity  (of  course  only  in  name) ; 
among  them  the  three  chiefs,  Pot6,  Poton,  and  Cracatan.  By 
the  inhabitants  of  some  of  these  villages  aome  miltivation  of  the 
ground  ia  carried  on,  but  it  ia  confined  chiefly  to  the  cultivation  of 
maize  and  mandiooa.  The  numbei-  of  individuals  in  these  bands 
vaiies  min,h  tiome  count  several  hundreds,  others  scarcely  eighty 
to  a  hundred,  with  only  about  twenty  efficient  fighting  men. 
Prom  the  aumbei  of  the  bow-bearing  warriors  one  can  with  surety 
estmi  itr  the  number  of  souls  in  a  baiicl,  because  this  last,  on  tbe 
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averfige,  amounts  to  four  times  the  number  of  warriors,  I  bclieTC 
that  I  am  not  far  from  the  truth  when  I  estimate  the  total  num- 
ber of  Indians  in  the  basin  of  the  Muoury  at  from  twenty-eight 
hundred  to  three  thousand  souls. 

The  Botocudoa,  when  travelling  in  the  forest,  build  for  them- 
selves shelters  of  palm-leaves,  which  they  stick  in  the  ground  ia 
a  half-oirele,  the  tips  of  the  fronds  arching  together  forming  a 
sort  of  roof.  In  travelling  through  the  forest  between  the  Mucury 
and  Peruhype,  I  saw  great  numbers  of  deserted  ranchoa  of  this 
kind  in  the  forest. 

Where  they  encamp  long  in  one  place  they  make  their  ranch 
more  substantial  with  a  better  roof,  and  often  of  sufficient  size 
to  hold  several  families.  The  whole  fiimishing  of  the  cabin  of 
a  Botocudo  is  of  the  simplest  possible  kind.  The  fire  is  made 
in  the  middle.  Rarely  ever  are  earthen  pots  used  for  cookii^. 
They  make  use  of  gourds  and  the  cup-like  receptacle  of  the 
Sapucaia  (Lec^Jm)  for  di'inking  purposes  and  for  the  preparation 
of  their  food.  Water  they  carry  in  the  joints  of  the  Taquara-aasfi, 
in  which  they  also  keep  their  painting  materials.  Beds  arc  made 
of  estopa  or  baat-fibre. 

The  food  of  the  Botocudos  cousists  of  sapucaia  n\its,  palmito 
tuds,  and  the  fruits  of  the  Ii^ii,  Jaboticaba,  Ara^  or  Goyaba, 
MaraoujS  (passion-flower),  &c.,  with  the  roots  of  GipSs  and  other 
plants.  They  are  food  of  Indian  com,  bananas,  and  mandioca, 
which  they  steal  whenever  they  can  from  the  plantations. 

They  hunt  game  of  all  kinds,  but  they  are  pai-ticularly  fond  of 
monkeys,  whose  flesh,  as  I  cau  myself  testify,  is  exceedingly  savory. 
They  even  eat  the  on^a  and  other  carnivores,  the  ant-eater,  alli- 
gators and  lizards,  and  the  boa-constriotor. 

Among  bu^s  they  are  particularly  fond  of  the  Mutum,  the 
Jacnpemha,  &c.,  and  they  also  eat  their  e^s.  Fish  are  iisaally 
shot  with  stoali  bows,  which  are  used  with  great  dexterity.  Some- 
times they  employ  a  poisonous  root,  wliich,  pnt  into  the  water 
of  a  pool,  kills  the  fish. 
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They  up  very  fond  of  tlie  great,  fat  larvEO  of  cortaiii  insects 
ivhidi  bunuw  in  decaying  wood.  Among  these,  according  to  Neu- 
viieil,  la  the  larva  of  the  Prionue  cervicornis,  which,  with  other 
■species,  bve  in  the  trunks  of  the  Bomhax,  or  Barrigudo.  Numhers 
of  these  disgusting  grubs  are  impaled  on  a  sharp  stick  and  toasted 
at  the  fire. 

Usually  all  animal  food  is  cooked  in  this  way.  Bananas,  pota- 
toes, &c.,  they  sometimes  balte  In  tho  hot  ashes.  Ants  also  are 
eaten.  ' 

They  are  fond  of  honey,  and  formerly  they  used  to  cut  down 
hollow  trees  with  stone  axes  to  obtain  it.  To-day  steel  axes  aud 
hatchets  are  occasionally  to  be  seen  among  the  Indians. 

Fire  is  to  the  Botocudo  an  object  of  much  care,  because  if  it  is 
lost  it  is  only  to  be  rekindled  with  great  difBoulty.  In  order  to 
obtain  it  the  Indian  procures  a  stick  of  some  light,  dry  wood,  and 
makes  a  small  hollow  in  it.  This  stick  he  places  on  tho  ground  and 
holds  securely  with  liis  foot.  He  then  takes  a  long  dry  stick,  one 
end  of  which  is  somewhat  blunted,  and  places  it  in  the  hollow 
above  mentioned.  The  other  end  m  taken  between  the  two  palms, 
the  stick  is  held  vertically,  and  by  a  rapid  motion  of  the  hands 
it  is  caused  to  twirl  until  the  friction  of  the  lower  end  in  the 
hoUow  of  the  other  stick  has  caused  it  to  take  fire,  when  estopa 
or  bast  is  ignited,  and  a  fire  is  speedily  made.  This  method  of 
procuring  fire  is  also  employed  by  some  of  the  aborigines  of  North 
America.  We  Snd  the  same  custom  in  Africa  among  the  Bush- 
men and  Caffres,*  and  in  the  Aleutian  and  Caroline  Islands. 

The  only  things  manufactured  by  the  Botocudos  consist  of  bows 
and  arrows,  a  few  little  ornaments,  smd  bags  made  of  the  bMt-fibre 
of  different  plants.  These  last  they  barter  with  the  whites  for 
food,  ifec.  They  bring  in  to  the  fazendas  the  was  of  wild  bees, 
ipecacuanha,  skms,  &o.,  but  this  barter  is  conducted  only  on  the 
very  smallest  scale. 

»  Albert!,  Descrip.  Phi/s.  et  Hist,  des  Caffres,  p.  36.  Campbtll,  Ikkein  Siid- 
Afrika,  p.  37. 
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The  Botocuilua  t  ke  usuillj  1  t  one  wif  V  n  T-,ch  li  ^■ns 
tliit  hen  I.  m  ui  his  ohoa&n  a  flumtn  f  i  h  a  wifi,  ho  a^cas  w  th 
the  fathei  aa  to  a  oerta  n  ti  bute  which  h  shall  paj  m  game  r 
something  else,  when  the  ■woman  is  handed  over  to  him  lud 
with  no  fuither  ceremony  is  thereaftei  hi3  wite 

Meuwn,d  says  that  %  m-m  m  y  haie  is  mmj  wivl?  is  he  can 
take  e  re  ot  Adulteij  is  laie  an  I  la  viaited  with  lieivy  punish 
ment  on  the  woman  The  hu'il  mds  ate  \ery  cruel  anl  unku  d 
to  theu  mves  The  huabiind  when  angry  with  hia  ■spouM  beat^ 
liei  nni  lei  cifiill'v  md  cuta  het  with  his  knife  I  never  saw  a  mar 
nel  woman  whj  was  not  uDveied  with  sizars  on  hei  face  bauk, 
bieist  and  arms ,  it  la  the  commonest  thing  to  6ee  them  sis 
inches  ot  m  le  m  length  \nd  one  wcm  m  may  beai  the  marks  of 
many  teiril  le  w  iimds  which  it  seems  mtnelloua  she  shouid  have 
smvived 

The  good  hedth  cf  savages  ml  the  fwility  with  which  they 
recover  from  mjmios  which  would  have  yio^ed  fatal  to  an  oidinaty 
civihaeJ  man  have  been  often  commented  up  n  by  miny  auth  i'^ 
Kumeroua  matances  oie  on  lecord  cf  N  gioes  Milws  Pacific 
Islmlers  and  AmeticT,n  ladiat  s  who  ha^e  surviied  hciiible 
wounds  and  mutilatons  ehoning  that  Natuies  power  of  healing  is 
greater  among  savage  than  among  civiliaed  nations.* 

The  woman  is  really  the  slave  of  the  husband,  and  all  hard  work 
falls  to  her  lot.  On  the  march  she  carries  the  feimily  goods,  or  the 
larger  share,  packed  in  a  bag,  which  is  slung  on  the  back  by  a  band 
which  passes  over  the  forehead.  The  mother  carries  her  child 
on  her  back  sitting  in  a  loop  of  bark  which  pa^es  over  her 
forehead,  the  child  clasping  her  neck. 

The  children  ai-e  kindly  treated,  at  least  when  young,  but  the 
tie  between  parent  and  child  is  not  strong.!    At  Sao  Matheos 

•  Wnita,  Introdnction  W  Anthropologj,  p,  126, 

t  The  women  carrf  their  cliildren  on  their  backs  sitting  in  a  loop  of  bnrk 
wliicTi  passes  over  the  mother's  foruhcaJ,  the  cliild  clasping  the  mother  about 
the  neck. 
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there  waa  on  the  faaenda  a  young  woman  who  had  two  children ; 
one,  a  hoy  aevoral  years  old,  was  sick  from  dirtnBating,  and  was 
stimted  in  growUi,  yellow,  and  swollen ;  the  other  waa  a  habe  at 
the  breast.  The  mother  was  anxious  to  sell  the  elder,  and  I  could 
have  boi^ht  Iiim  for  a  trifle.  One  day  the  babe  suddenly  died. 
The  mother  immediately  dug  a  grave  for  it  in  the  floor  of  the 
rancho,  and  went  pleasantly  about  her  work  as  usual,  the  only 
effect  on  her  !>eing  to  make  her  determine  not  to  sell  the  boy. 
Children  are  frequently  bartered  away  to  the  fazondeiros,  who  in 
reality  hold  them  as  slaves. 

Of  the  religious  ideas  of  the  Botocudos  we  have  not  so  much 
information  as  wo  could  wish.  Most  writers  agree  with  Neuwied 
tliat  the  Botocudos  believe  in  and  fear  a  bad  spirit  called  Janckon, 
and  Neuwied  says  that  they  recognize  many  of  them,  which  they 
distinguish  as  great  and  smaU.  The  great  devil  comes  in  the 
guise  of  a  black  man  visiting  the  camps ;  sometimes  he  sleeps 
awliile  by  the  fire  and  then  goes  away,  but  all  who  see  him  die. 
This  same  devil  is  accused  of  beating  the  dogs  to  death  with  sticks, 
and  of  killing  children. 

The  Tnj  rat.e  seems  to  have  some  dea  of  i  <"  od  and  they 
called  Km  T  2  <>  Tupan  whoh  nane  sder  el  fon  tie 
w  d  t  ba  i  the  It  ?  ■*  dftic  It  matte  to-1  y  to  a-n  e  at 
ny  cleai  kn  wlel^e  of  th  pni  t  ve  relgo  s  bel  ef  ot  the 
Lottc  dos  I  se  tley  la  e  der  ved  so  i^uj  de  s  tl  o  ^,1 
mteroo  rse  with  th  Po-t  j,uese  I  v  s  u  tble  to  lea  n  that 
the  Boto  los  hi  I  any  lea  of  a  Go  I  The  noo  wh  h  they 
call  y  w  s  an  object  of  fe  the  lu  1  s  bel  e  ig  tl  t  oc  a 
somllj  t  fills  pon  the  earth  destro  ue  nen  anl  that  t 
sen  Is  St  m  a  1  fan  ne  No  tv  -si  p  ffered  to  ny  of  tl  ese 
things,  an  1  they  have  ne  thei  [  esta  n  n  e  1  c  ne  men  1  ke  tl  e 
T  i^ 

the    lead  ne  1    rel    n  tl  e    mmed  ate  vcnty  ot  tie      up 

or  eve      n  tie        wan        1  th  s  1    t  a;]       s  tc  I  11    tl  o 

e      Tie     hll  tl    t  d    i     t  ^I  tl  1.    Im  a         tl 
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earth  forming  the  floor  of  the  ranch  in  which  tho  Indians  were 
quartered.  When  a  death  occurs  they  usually  desert  the  camping- 
ground  for  another,  but  I  feel  sure  that  I  saw  the  Indians  occupying 
the  same  ranch  in  which  the  dead  child  was  buried.  The  relatives 
gathei  t  gethet  and  h:>nl  foi  one  day  after  the  death,  the  women 
takmg  %  spec  ally  ptonunent  pirt  n  tl  e  eeren  ony  I  t  the  nest 
day  they  all  go  abo  it  then  wo  1  as  t  notb  g  had  1  appaned. 
In  some  phces  the  h%nda  of  the  defuu  t  ■»  e  bo  nd  to^etl  er  before 
bmnl  The  coij se  is  buiied  in  a  horizontil  jwa  to  nd  a  fire  is 
ht  to  keep  an  ly  the  devil  f  i  they  1  ebe  e  that  f  this  evil  spirit 
shonld  find  no  hie  at  a  grave  he  would  dig  out  the  budj.  Deserted 
vfiyv,  ams  m  the  vumitj  ot  grivea  are  a  common  sight  in  the  forest, 
bometimes  a  shelter  of  pilni  leaves  is  built  over  the  burial-place, 
as  Neuwied  his  remaiked  Nothing  is  put  in  the  grave  with 
the    leid  bod>  * 

The  diifeient  tubes  or  4Jdcamentos  are  frequently  at  war  witli 
one  another  At  the  time  of  my  visit  to  the  Mncury  there  was  a 
skiimi^h  between  tio  binds  near  Caunas  Brabas  on  the  Phila^ 
delphia,  the  pwticul^s  f  which  I  was  unable  to  leara  I  had 
sent  my  li^gige  on  ahead  of  me  to  Philadelphia  in  care  of 
Sionor  Bittiati  wlo  wis  conduotmg  a  train  of  ox-carts  witlv 
salt  t,c  Near  Cannai  Brabas  he  was  attacked  by  the  Botocudos 
and  shot  at  but  escaped  by  plunging  into  the  forest,  irom  which 
he  emetged  nearly  naked.  On  arriving  at  Cannas  Brabas  we 
fo  md  the  place  nearly  dese iied  Vut  we  passel  the  jlace  of  t 
in  the  ni^ht  without  see       an  Ind  an 

Then  mode  of  warf  ire  s  the  attack  by  n  ght  or  fi  n  mb  si 
A  victory  is  celebnted  I  y  n^  a  d  dance  I  fo  d  tl  e  Iwl  f 
everywhere  oiwien'  tlat  they  m  t  e  te  tl  e  I  1  es  of  tl  e 
Uain  ind  fiom  ill  tie  forn  t  o  I  lave  e  e  1  I  tl  1 
theie  Lin  le  no  doult  that  canub  Ism   s  on    of  tie  custons 

*  The  feitor  at  Capitao  G  nde  oldm  la  nl  n  ai  hi  a  a  he 
custom  to  pnt  by  tlie  gi-avB  a  bottle  of  milk  Avima  from  diss  iiiolher's  breast, 
together  with  the  bones  of  some  wild  animals. 
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of  the  Botocudos.  At  present  the  Indiana  are  very  peaceful,  but 
from  time  to  time  they  have  committed  outrages  on  the  whites, 
murdering,  and  burning  houses  on  tlie  Mucury,  at  S?to  Matheos, 
and  on  tbe  Doce. 

When  at  the  Faaenda  do  CapitSo  Grande  I  ■witnessed  one  even- 
ing the  dance  of  the  Botocudos.  A  bottle  of  cacha9a,  or  native 
rum,  had  been  given  them,  over  which  they  were  very  merry. 
Four  of  them  took  their  position  nalted  io  the  yard  in  front  of 
the  house,  and  formed  a  square,  t&clng  one  another,  then  all 
four  placed  their  left  feet  together,  the  right  leg  remaining 
stretched  out.  All  bowed  their  heads  together  and  placed  their 
arms  on  each  other's  shouldera.  Then  they  began  a  monotonous 
song,*  Cdldm-S^ ,  CW,ni-a-li&',  to  which  they  all  kept  time  by 
hitching  a  step  forward  with  the  right  foot,  Iteeping  tbe  left  quiet. 
This  dance  they  kept  up  for  some  time.  They  are  apparently 
very  fond  of  it,  and  the  overseer  of  the  f^enda  informed  me 
that  they  sometimes  kept  it  up  until,  exhausted  by  fatigue,  they 
fell  to  the  ground. 

These  Indians  used  to  be  very  numerous  at  SJto  Matheos,  living 
in  the  forests  even  quite  close  to  tbe  sea ;  but  they  have  been  so 
killed  off  that  at  present  none  are  found  in  the  vicinity  except  on 
tbe  head-waters  of  the  river.    They  were  hunted  down  by  the  Por- 

t  guese  settlers  1  ke  wild  liei  ts  and  one  gentle  n      tf  1 1  n  e  at 

that  dur  n  h  s  I  te  he  I  ad  e  ther  w  th  1  s  ow  i  hand  or  at  1  a 
commind  been  tl  e  n  ein^  of  p  tt  nt,  ti  leatl  bj  kn  fe  ind  ^un 
•md  po  8  ove  a  t!  o  sand  of  tl  e?e  poo  cre'it  es  I  The  nj  es 
CO  nm  tted  by  the  Botoc  dos  on  the  wh  tes  a  e  as  n  th  co 
1  ared  w  th  the  w  rongs  fl  cted  p  tie  lythewl  1  e 
di&po  sessed  tl  en  of  the  hon  e  1  h  e  1  nu&t  de  t  et  tl  e 
race 

The  Indii  a  have  learned  the  se  of  n  n  a  d  tobacco  of  both  of 
^^l  htleyaie  ery  fo  lanlwh  hae  ap  dly  work  gth  nun. 
In  tbe  Mucuiy,  Colonia  Leopoldina,  SSo  Matheos,  and  on  the  Doce, 

*  St,  Hilaire  compares  tlie  song  of  the  Botociitio  to  that  of  tlie  Chinese, 
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faOa  APPE^■DIX. 

tl  e  In  liana  come      to  tl  e  settlen  e  H  to  beg  a  d  t     v  not 
frei  e  tly      e  employed  to  wo  k  nn  tl  e  faze  das    the  e 

1  e  D^  V  1  ntirj  At  S'Co  Mitheos  tl  ey  are  p  d  n  v  ct  !  1 
rum  b  t  on  the  61  ry  the  1  ve  learao  I  the  los  of  nouey 
■wh  ch  they  call  pi  Vt  s\o  Matl  eos  I  &aw  both     en  i  1 

uo  nen  at  work  w  th  the  e^r  e  Tl  ey  ■vre  not  m  oh  to  e  le 
pen  ted  pon  uaually  rema  n  ng  1  ut  i  few  daj  ^  o  the  faze  d  i,  d 
tlea  et  n  ^  to  the  r  Id  lif  m  the  f  lest  Tl  ev  ^  e  ve  ■>  lazy 
and  half  a  dozen  are  scarcely  worth  an  able-bodied  negro.  They 
seemed  very  docile  and  good-natured ;  indeed,  I  was  particularly 
struck  with  this  last  feature  in  their  chai-acter.  At  their  work  they 
Laughed  and  played  jokes  on  one  another,  and  in  the  house  at  their 
meals  were  quite  as  merry  as  the  negroea.  They  liave  nothing  of 
the  gravity,  stohdity,  and  want  of  curiosity  of  our  Northern  In- 
dians. They  have  no  idea  of  meum  et  tunm,  and  they  are  particu- 
larly addicted  to  stesding  bananas,  com,  or  anything  else  they  hap- 
pen to  take  a  fancy  to.  They  often  come  almost  stark  naked  into 
Philadelphia  and  Urucil  to  beg. 

One  may  occasionally  find  a  civiliacd  Botoeudo  on  a  faaenda, 
but  the  children  sold  by  the  parents  and  employed  as  sei-vants  on 
the  plantations  scarcely  ever  grow  up. 

At  present  the  Botocudoa  are  confined  to  the  virgin  forest  be- 
tween the  Eio  Doce  and  the  Rio  Pardo.  They  are  very  rarely  seen 
near  the  coast,  and  never  freq^nent  the  campos  of  the  interior.  The 
ace  sfastdmnshn^  and  n  few  yea's  w"U  p  ss  t  of  ex'st 
ente  The  Ind  ans  of  the  oa  t  ti  bes  of  tl  e  T  p  race — tl  k  t 
tl  e  1  bo  of  tl  e  le  ts  ^  have  1  pcome  v  1  zed  a  d  onve  ted  to 
CI  at  m  ty  an  1  now  f  rm  n  tegral  port  of  the  P  az  1  a  j  [ 
kt  on  but  the  Potooudos  resist  o  v  I  zat  on  and  tl  e  nfl  ence  of 
Chr  at  an  ty  and  are  s  ink  n  tl  e  lowest  1  a  bar  m 

The  1  ugi  ige  of  tl  e  Boto  los  e  t  relj  Mere  t  fion  tl  e 
T  p  lad  fon  that  of  the  ot!  e  coa.>it  t  1  es  as  tl  e  Pitochos 
Machalahs  4.0  Altl  I  spoken  by  all  tl  e  Botoo  do  tl  e  e  a  o 
lltodffeeeol  lie  ellil      Iftetwl 
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432. 
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Aiam  V3lia,  85. 
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AllaTial  lends  on  llloPardo,  fbitllil;  o^  24S; 
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iration  of  mmie,  4B4. 
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oaa  ttrdai?,  491 ;  of  Pm&,  49L 
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yiMuHinmisIriM,  380,  A.  HiMii  ile6\ 

AiHjgdiloii^ 
AnoouiiiHm  oecidsnwlf,  466. 

Anchleta,  letter  on  MaBa.tt,  75, 
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AjiUmoiiy,  413> 

J^iht  Argo  B'Ori,  a)4,  ai 


Arac^u  (oity),  £31,  ^33. 
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Ammtj,  460 :  Dountrr  ItL  Tlobiit;  of,  4S1. 

Axauads,  Ccibe  of,  603. 
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Ai'^lesguia-uitne.  615. 
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Arseuluil  p)  tllin,  6IU 
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Ab  TtoyoallDe,  144 

Auhs,  2Se. 
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ot,  337  i  popukao(ij335 ;  boj  and  barbor  of, 
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,db,Google 


Balik,St> 


Navigntion  Co.,  337, 421, 


ogyot,  858- 

Bnhls.  de  Es^lto  Saoto  '       ^*    ' 

of.  73 ;  littoral  &uua  oi,  lo. 
Bnlit  Ob  Nova  Almolda,  86. 
BahiadBaamaCnia,  85. 
Bsliliui  group,  556, 
BahuT  laulatea  bills  or  gudaa  pMu 

Bamboo,  84,  lil',  2ia 
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deacrib«d,  65 ;  deplh 


Ri,ite1  quarU  at  Minas  NoTBfi,  167. 

BBirlgallo  Ireea,  91, 166, 251. 

BruTO  veimelho,  514, 

Basin  of  Rio  Farualivba  oDe  sided,  474. 
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4S4. 
Beach  T!lge«,  113, 114, 115, 128  i  formiitton  of, 

due  aome&nee  to  stomu,  220. 

Boaohee,  soUdifloatiDn  of,  at  Baliia,  342 ;  nt 
Bio  VeTmelHo,  814  ^  at  the  Abrolhos,  179. 

Beachee  aolidiSea,  1S9. 

BsturitE,  460. 
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Batiliinia,  260. 

Bay  of  Rio,  aeacriptlon  Dt  6;  depth, 7;  shell 
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)4;  of  modus  Vellias,2kl.     ' 


rel^Dua  idetu*of,  699 :  fimeral^custouis,  m  l 
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sndearoc 
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r  i  paucity  of,  owing 
bouldEFB  af  docom^oi 


of,  at  Ttjuca, 
Composition,  i/m , 
tlom&Bii  atflolorii 
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rnuet,  Br.,  272, 421 
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palm  at  Bt^o  do  Salga- 
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Cabml,  afeovery  of  Braill,  23(i. 
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280, 261, 
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Slon™i™S7.'       '  '  '™™"'"^ 

OalitliTix,  95,  as6. 
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246  i  lietwwn  mo  Dooe  ami  Yiotoriii  ii 
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«1. 
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MaroiBi,  835. 
HmnetiosorBia  ( GoTgrmia)  mieTcifoli' 


^andJacuUngnaurileraiM,  633. 

mi,li^ghtDf,3i  (Mai-anbtin),  484. 
mit^  fll,  645 1  the  t«i-m  loosely  ei 


Iti^iajripe,  334. 
ItnpitJD^  (rcDf ),  258- 


Et  rock,  a^ianrODDd),  846. 
,Picofle,2;  helKlitofjS. 
YltiafuU],  eoldat,610. 


Heht^trt^a  apettrt  Terr-,  20 
Htliamia,  94.  249. 
HelBifeichcn,  Dr.  Virgilio. 


li  {Bignmaa 

1, 459. 

lait  deposits  of. 
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Jack  tree  {Atloctajms  Br 


Jgciitinoa.,  demotion    d 


"ecritiJu'e^'KB;  goia  In,  0*6^  £ 

Jamca.  Mbjoc  6.  C.j  MT,  6K,  6S4. 
Jmahntoa,  371. 

Janehou,  W  epMt  of  Botnondos,  599. 
Janeadoa.iLiiniberDf,  ]□  Provincfi  of  Pemam- 

b0M.m. 
JaouaStt,  sUt  Holia  of,  320. 
JsTBgui,  port  of  Mocelo,  426 ;  goia-minea  of, 

MBw?Bii™iintof,SlL 

Jaouii,  terUni^  bls^  of,  432. 

Jinorook,  teiba  of,  B93 ;  Botooudo  chief,  69J. 

JoMdro,  837, 403. 

JanlUBby,  KB. 

Jumpencom,  bead  ofnaTiEatioa  of  AroguDja, 


^nobB,  iaoUted,  ou  lake  i 
Eoloshisue  of  Alaeka,  du 


LaeerOa,  Dr.  de,  337,  421. 

Xngea  ds  Fieltia,  11;  deMarioi,  3T|  Saqnue- 
lOA,  Si;  Ammaua,  33;  Foi^  44;  do  Oiun- 
pA,  46  i  MBroSft,  63 ;  JaounS,  S3 ;  Jnpa- 
ninaa,  in  deptli,  color  of  walor,  tertiary 
beds,  100;  do  A.iso,  103;  de  STonsetras, 
106  i  Tupuda,  107  i  MBriricu,  115 !  QmKlA, 
227  do  Bnco,  neiw  Belmonie,  ^ ;  Simta, 
281;  Rt  Jncobloa  on  the  »«o  BnuidBco,  409 ; 
da  Pedra,  nmetodon  retoaiuB  hi,  419;  do 
NoTle,  Alageae,  422;  do  Snl,  AingOas,  122 ; 
PaiTiiiaKn^,  471. 

LBBiio^TSoiiE  coast,  tbniuitioji  of,  41. 


jtom  of  piercing  lip  ai 


Lhihaies,  terMlil^  of  ImdB  near,  103. 
LizurdB,  hones  of,  h,  cavems,  m. 
Lrpidclii,  317. 

Lllaoaa,260.  L. JupaiTmia(Jui'  a,ft«a;,pnrn- 
n^  BBfb  or  lake),  de^crtbed,  00 ;  compar<Kl 
nith  lakes  of  Aklgaos,  tJZ. 

LioiB  OD  htdght  of  Pir^dade,  8 ;  on  »!d  I'laneis- 
co,2T5;  onthegold-miaeBof  Bnu3l,^& 

L»3  of  Botocudo,  fJiinnefis  of,  679. 

Lleiiri  palm,  aBB,  423. 

Liguile,  471. 

Lime  majiu&otorad  fi™n  ooralB,  213. 

Llmatone  at  YpirongB.  15 ;  at  OonBigidlOtSl ; 


li   ^idi^bn  gold-mmea, 

DC  fl'om  Laurentian  Df  Bm^l,  561. 
LinhoHS,  tUo  Itoce  at,  87 ;  maasapfi  aolla,  AT ; 

situation,  of,  09 ;  tei-tiaiy  beds  at,  09. 
Zdackia  omilklrput  LUtken,  Sll, 
Up,  perfbraUoH  of,  by  Botocudos,  how  pEc- 

for^,  583;  ornament,  533. 

Liio,  Recife  do,  202. 


Lode,  Beacniridora,  Paralijbo,  418 

447 ;  Bto  Eepomn^  448. 
Loggorliead  turtle  {Tkidassocheljis  i 


Uacahfi  Eind  Campos  Canal.  13. 
Mausmbamba,  boach  of,  SO. 
Maofuobini,  &!,  111. 

MaocspS,  locnlln  i(iEft«!ilfl3lwsmCeiri,4aE. 
Macffl6  Beef,  ai8 ;  topoetaphy  aod  geology  of 
the  Ttcinityj  422 ;  citv  and  harbor,  425. 


AlarbocaliB, 
tlaca}6. 


nw: 


of,  H'om  Brazilian  polyp 

Sladiilog,  tbmale  nhales  "lib  yooug  oUves, 

181. 
MtBondnjia,  ahBence  of,  from  Br^lian  polyp 


un1>er  of  foB^l  species  dii 
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Monnti  ( MdnalU!  Amctii 


Mojigabfrf  or  Monga.'bdra  tl 


Maugainhoa,  tactiiiry  beds  xt,  E6 
MiiDgiotB  swaiups,  mnd  of,  Ed  ;  f  rmatl  n 

22Sianlitall>li1u^gf,S^:emuiipa  m 

of  Eio  Jeiultliihonlia,  239. 
MaDgTovea^  -end.  i^Lagwncutaria  ta  en    a  an 


,  abB«nee 


iieB0f,4SI 


MftracaeBDin^ojLd-j 

Uarauguaye,  m 
Uaciialiiio,  popnlatlan  of  proiluce  nnd  cil^ 
486;  gobl-DiW,a4B. 

Bkh^,  210;  tity'St,  381;  creC^ous  i^ 
Mush,  Fiof,  0. 0.,  OescTliition  of  obw  ctoco 

lians  ill  Europe  iiud  Ame^a,  ^■ 
MaeMaoo,  remaina  of,  261,  SSO,  29B,  324, 335 


Jaiogiul,  611. 
McGra.tli,Dr    437. 
Mi^ptere,  181. 


),  291,  375 ;  M.  Hookerian 


MeteoroUte  of  Bani^o.  826. 

MetsoroUtai,  eliower  of,  in  Cairi,  472. 

MBtamorpMBm  iio  criteiion  of  i«6,  SBO ;  signs 
of.  lu  eosoic  rook  not  aisappesring  tonara 
tile  iKstorn  part  a!  itlnteau  of  Srs^,  600. 


digiuua,  200;  cor.  lU.  ceHulosa,  203;  si 
Jir.yiTiejJiYilo  Terr.,  206;  M.  SoBtlini 
Terr., 196;  M.  rfiBrfoYsrr.,205. 

Uiiiepoi'OS.  stfTU^ini'  proporJoes  of,  207. 

M/mcM,  210, 250^403, 

Minns  da  CaKDedu,  117. 

iUlnas  aeraes,  a  lond-iocisedi  proyinco,  necei 


le  tgsb  SI    d»  tloita  Seuhoia  da  PuulKl, 
'erm  Alta    67     to  knpan    1B3  ;  It.  AtlSo" 


Monnl^n  raDges  "tadij  re 
Muomy  region,  leaerobianc 


soils,  &o.,  lo  tlia  coSee  ro^on: 


I0I1U117  ror  TOSBU  nsDes  in  i>ear,i, 
Murda,  onslom  of  niorcingIip,6B4. 


SS"' 


Naknennlis,  676,  603. 
Natai,4et. 

Hatlildade,  407. 


inas  NoYoB,  canse  of  feJlnre'of  laima,  lET ;  ,  NSocomei,  556. 
geoiogj  of  liclnJtj  of,  157.  |  Nerilina,  318 ;  N.  pupa  Ot 

ining  companies.  Companiila  Met^iinrgica  ,  Nests  of  sen-urchina  in  iMt 
do  Assume,  308 ;  Teftm  Bmsiiian  tiold-Min-  I  Neat  of  iogcerliead  turtle, 
tng  Ooutpany  (Ilmitall),  44S ;  Slio  Ji^  dia- 1     100. 
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IMDEX, 


}f  ChupiuL'b  Dlojonnd 


Ocutiaa,  &bB«iica  of,  from  Bra^liim  polyp  &u- 
(MtnUopurit  rifuKJOTHt  Ooirutben!,  ^1. 


;k  Bi,  AsBUKii  39S 


OrraatfT 

SigaJ.lBT 

Oigaole 

renndQB  nonetaarifi, 

oSoi 

a«™ilos,helUitof,8, 

SofBot«mdo,E90 

DrthocL 

se,9  M6 

0«  Possum  (Pocow)  256 
Ostnch,  Atneiidnn.  146 
OttonI,  Ssiialoi  Theopbllo  B.,  lis  priject  t 

traa  Sects  Clnta  to  Minas  Nons,  IBl ;  nili 
log  TlgM  of  in  Minus  Nona  OlBtrict,  IBS. 
Odto  Preto^  Ttdnlly  of  a.urifis.'ous,  £8Q> 

OniB,  io^iiuiieDtEkl  Iti  accutaulatl^t:  bones  1 

C!iveni3,285. 
Ojelece,  78, 229. 


Piilnis  of  iloy  of  Iflo.  7 ;  of  Bio  Doce  04 ; 
cocoa  {Cotaa  miclfiTa),  US;  Miini,  IIS; 
JUurt,  118 :  T^lori,  118 ;  IndBld,  141 ; 
CaTDaUuba,  45^ 


PeiaJiyto  (city) 


a  eekinam),  94,  223. 
™ia.Ut^,  coomierce,  &o. 
jeologj  of  gola-lfi^  of, 


need  ilos  Abi^ollioB,  1S8 ;  tfaB  EntMcB,  201. 
•oisifiora,  249. 
'otOKonia,  arifi  of,  668. 
■auJo  Affooao,  Wis  of,  414;  eomparca  Titli 
Kiajjira  ana   Uie   SoJlo  Giajiae  do  Je^ui- 

'eanul  (.iTosAis  AjtpiJgffio),  409. 


tor  of,  486 ;  popnltttiQn  of  city  and  proT- 
iiice,4S2j  iMmllDn  of  came,  482. 
PLiladd^hiB,  ISl;  iLeigbt  aljore  aba,  1E4; 


:o  /Mtiftm  Mart.),  237,  a7, 


I>iqui  lean/Bear  Rasihinsiiia),  149. 

Pimiiha  iPi/goi^enlrus),  deriTation  ol 
899;  di^criptlouofbabits,8U9;  nod 
Qwdner,  400 ;  Torncitj  of  401, 402, 

Fimmpeha  (BbIi).  403. 


ItDDgHet™  (E»g«nu),  19, 69. 

lalua  of  saml  at  Vkto^  h;  coest,  fOrma- 
tim  of.  221 ;  at  raontli  of  JequiUnhonlui, 

IjrolhotlTS: 

i  sui,  m. 


itci.u  of  Province 
Baliia,  313;  tMrd 

>f  Appodi,  461 ;  oj 


t,  of  Suhia.  316 ; 
1.  climate  of,  317; 
Ji  KUiPanlo  and 


,db,Google 


Poerie9,2E5, 
Fom,4eG. 
FrijiDM.clilsfiuid 
Fi:>inca  canuoL  87 
Pohns,  distolbuti 


1  of,  alo>^  BmuliBQ  oaast, 

/>,  65 ;  Ciusa  de 
FoatuL  al  mouth  of  lUo  AroKiKiliy,  193 ;  du 
Qrenp        . 

Porilea,  In  Bay  of  Kio,  192. 

Forils!  joHdaVorrlll,  203, 208. 

PorpVV.  ^  *®- 

Poiokuni,  skull  of,  ESS. 

Fororooa  or  Bore,  487. 

Potto  de  Sona.,  geology  of  vicinity,  90 ;  flii. 
CailM,  6,  21  i  da  Villa  Noyn,  recent  deiioBibs 
»^  18 ;  da  Pedra,  7a  ;  de  Souai,  89 ;  richneBB 

Porto  Alefple  filio  Mnoury),  128 ;  (lUo  Gcond 

Porto  acjOTOi  228 ;  harbor  and  reef  of,  228. 
Porto  daE  Fbanhss,  112. 
Post  tertiary,  673. 

Eot^ioles,  ODOurrence  of  iliamonda  in,  SOTj  o 
Idfee  Plain  of  p[Ol>able  glacial  origla,  S15 


PrijSis,  spcdca  of,  hi  Klo  Sore,  9L 

Propria,  toi. 

ProtopUhtcas,  286. 

Praewodowilil,  Mr.,  272. 

FsidiimG,«ava,9l. 

Fieris  cttiidaM,  l4t,  252 ;  racial  plant,  2M 

Rffcgorgia  ( G<,rgoam)gtit^iiis  Vert,,  81, 

Pnmlce,lT9, 243. 

Pi/sotialna  (fish),  408. 

Pyrites,  magneWc  iron,  gold  of,  634,  Ml ;  i 


anarb^te,  1G3, 209^ 

Qidjieranrohim,  Ka. 
Qnma,  Ifl,  458. 
auii^care,  lUo,  117. 


n  Loner  Bio  ProDcigco,  420 ;  of  Ma- 

>o,43fi. 

meauiug  of  nocd,  191,  43Z;  «ty  of. 


ffl:    at 


solldated  WcheSi  of  Ouampary,  ^: 

Baira  accca.,  107,113i  P"   '"  " *"' 

Santa  Oniz,  332;   Baiila,  e^a\   bid  ver- 
melho,  311;  Penmmbuco,  431;  Fatahjln 


S     H   J)ana  li 
la     ,468 


54,     Agm 
B,  129    Aa 


hADhE  ortd  bed    i 
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Ararofl,  4S9  i  da  ArarfpG  (Arar^'ipB.  locaJItj 
of),  are,  467, 404 ;  Atossoli.™  ot  Cinarii^ffl- 

of,  ^  I  'de  Aniti,  46l';  do  Assurci,  SOK ; 
da  BorbDnma,  MO,  4ei ;  dp  Boquer&o,  804  i 
6e  Bnenoa  Ayica,  201 ;  dog  Oturiris  Noras, 
451 ;  dDS  aidritis  Telhoa,  42S,  44D ;  do  Cal- 
dFirUidaOiicii,sa3;  de<]B^e,29S|  aoCon- 
dari,  SOSi  deCanimBtahTCOtrunDlalaJi, 
499,  uid  As  water  or  rivM),  SBl ;  doa  Dona 
IrmSoe,  273,  470 ;  do  EsmiliBCD,  13e.  2TT ; 
flQ  Feijool,  103 ;  do  GbcTd  Brabo,  SET ;  do 
rtj^.rq.nhnng  coUon  Of,  431 ;  da  Gai'ca,  291 ; 
Oerol,  493:  Gmode,  46B;  do  ftrio  rfogw, 

BTS!  381;  a'ltacMLibiv  •',  i.^..'.'^  H',.i"i.  ii! 
41BjaBltaifBa(to'"i'   ■  ■ '     i'. 


a^^i,  helgUt  <,t,  I 
Jdnuj^ab^ra,  SM  ;  da 
di^fi^uipUon  of.  e^oLi^k 
dilHaatiqueiin,  86:  d< 


4,505,6. 


Mori^o  dueimado,  21 ;  dHi 
ataae  at,  414 ;  da  Oo^s, 
topograptdaol  and  geolog 

15    fla9Pan8llaa,16B,  do , ,_ 

Fmafina  (Pari  rivec,   ma  black.  Black 
ilyer),  291,  daa  ~  "        "  J--      - 


description  of, 
Tiian,499,  do 

ilack,  Bla'- 

na,  ^12, 


lir 


apidas  of  Abrollioe,  pre;  oa  lizards  ai 

180. 
Hpli  and  HartlBB  on  TegalatioQ  at  Be, 

Ciichoelrii,  29^ ;  on  dead  coivls  in  1 
ILb^oe.  259 ;  oa  beiM^o  metsocolii 
SqaiiTel,96. 


itititifled  depo«lte,  absenct 


Sugor  120,  261, 272,  feo  S 

motbod  of— '-'■'' 

BO    4E2,  i 


Jo^,  41 ,  de  S. 
do,  ISi  ,  'dl.  Su' 


a  290    dt  Ibiapaba,  derivntio 


osneiU'Pronri*,404. 

iteilala  \eci.,  "•    ' 

207, 214 ;  «w.  cmfena  y, 
Sieuite,  324. 
BlncorS,  dianjnnfl-miBlilnra  at,  EW 


isi. 


Sl{(lc»  of  ioc£b  on  IMda  Bullioad 

SloUia,  94. 

Smilodea  neogmm,  286. 

emlih,  Nx.  S.  I,,  on  BcHsUiiin  Cm 

Soils  of  (lie  ^  Boce  liigioa,  fbili 


TleliiitrofC:^4o,ll 


B  Pameua  ai 


Obuiese,        um       In 


ITS  monitor}.  111. 
ii«iii'iGBbb.,40 
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^39;  1 


68 :  Linhai-oB,  99 ;  iJBoa  Juparand 
Sm  ILitlieos,  117  ;  Itailiumi,  123 
Clara,  129 ;  JequitinhonHa  TaUaj,  1 

Poi^  SB^urof&TbetwMn  Potto  .. 
ond  Smta,  Orns,  231 ;  lUo  Pnnlo,  24B 

Buoudbvd  ^ '  vldiiit?  of  CamBaBHii 
lends  of  BsSte  878,  AhgolDhss  8"6 
g3ns  423  Macdd  ^  Penuinbueo 
''  11         4h  °    Amo  ouas  492    Pebos 


^  <-3  yeali  oC,  height  12    Irift  of  vnUej'  of 
Tobacco  jife  441  t54 

or  t^uoa  tnunel,  g71.  ' 
ToKjnaen,  Jacob,  m 
lonrmnJlne,  186,  liB, 

Traipii,  goolray  of  Tielnlty, 
Trancoso,  22t; 

Trap  of  Airolhos)  17 


le  PMi^niassO,  270. 3i 
0  draude  io  Sul,  ^ 


TriaB^  sandstones  of  E^hkociJi,  879, 551. 
lYJpneitstes,  absence  of,  from  BmsUlrm  radi- 
ate Anna,  IBB. 
Truipp^  used  bj  Dotocudoa,  692. 
3^ir6a  depoBlCa  at  Cauuund,  m 

Tuanm  {AsiTocatyum  tuenma),  116. 


HM  grass  (ffi/neriiiw  parsffc/iumNceslpJI 

M,  395 :  SDcml  Dluat,  266, 
irm«SB,204. 
mioa,  outhfllelsuilofTecaando  deHoronlii 

4e9. 
Unlo,  101. 


■Sandotum,  Hailt, 
Kologiral  Btruokire, 


□0  j  or  snanip  oi  luo  oiBnnBi,  jj.u :  on 
the  Bio  SSo  Matlieos  belov  the  dtj,  121 ; 

dos  Bols,  14S :  of  GhapadB  'of  Minos  No- 
Tfls,  147 ;  of  iricfnltj  of  CalhJo,  153 ;  of 
ylclnity  of  Bucuria,  154 ;  of  Jequluiihoiilia 

Mnomy  and  Pemliype,  218;  of  sand-plain 
ot  Belflionte,  2S7;  nn  Bio  Pardo,  244;  of 
Pardo,  245;  of  CainBos,  290;  of  Sena 
da  Villa  Vslha,  296 ;  of  intorior  ot  Batia, 
817 ;  of  Campos  of  Alagolnlias,  376 ;  near 


the  Cantagallo 


I    aso  Bemarfto.  401 ,  i 
iaiia    16"    ■" —    "— 


I,  S^  Erci 

Ta),  %,  261 

i/iyu'B  f,^ii^u^ita)   LaanliB  Har 

V.  (PalHdina)  Williumsii  Hartt,  35 


aaaLayras 
■iinhi,B24, 
0  de  Contos 
irra,  84,  flo 


tocudotj^be!,  692;i 
ita  Leopoldlpa,  77. 

277,  a^,  501. 

formed  by  the  ^oIms,  342;  duri 

683,  H5.  ' 

IThUcI.  641. 
WldmaiinsfMllion  flgurea  shown  by  I 

neteoroUte,  826. 
Wetss,  5S0. 


n,lG5. 
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boura,  133;  lanncW  a_.. 
unlKr  of  men  emplojed,  v 
s  of  fl^hli^f  Imp^l^t  m«t 


,Mr.O.0.,oD)[udiiuiro 
it  Pflialiyba  M  Noi-tu,  1 


■WoddcIb.  fiu^lly  nilli  wtlob,  thej-  heal  an 

BoCMUcloe,  698. 
WjmBD,  Prof.  Je3ne8,oa]t«tooudo  skull, 


inc.  snlpblOe  ot!,  148, 173. 

inefem,  173. 

■M^jph^  J-D^ier.D,  «I8. 
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